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THE DIURNAL VARIATION OF THE BAROMETER IN THE 
BRITISH ISLES. 

By RICHARD H. CURTIS, F.RMetSoc. 

[Read November 15, 1899.] 

The Meteorological Council has recently published a set of mean values 
of barometrical pressure for four differently situated stations for each 
month of the year, obtained from hourly observations made over a period 
of twenty-five years.^ These values will probably be useful to the Fellows 
in more than one branch of inquiry, and as the volume in which they are 
published may not always be readily available for reference, I have 
thought it would serve a useful purpose to epitomize them in the Quarterly 
Jowmalj in four brief tables, as hourly differences from the daily means, 
for each month and for the year. 

The observations upon which the means are based were obtained from 
the records of barographs at the following four observatories maintained 
by the Meteorological Council, viz. Kew, Aberdeen, Falmouth, and 
Valencia, during the twenty-five years ending with 1895. 

A detailed description of the barographs used was given in the Report 
of the Meteorological Office for the year 1867 ; but it may be repeated here 
that their record is obtained by means of photography, and without the 
intervention of any mechanical contrivance requiring to be operated by the 
mercury of the barometer. A beam of light from a lamp is caused to pass 
through the space between the top of the column of mercury and the top of 
the tube, and is focussed upon a sheet of photographic paper, carried upon 
a drum which is rotated by a clock. The resulting trace is, therefore, a 
continuous dark band of varjdng width, — becoming wider as the mercury 
falls and increases the space between its surface and the top of the tube, 
and narrower as it rises and the space becomes contracted. No scale of 

^ Appendix to Hourly Means for the Year 1895. 
B 
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The height of the cistern above M.S.L. was 34 feet. 
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The height of the cistern above M.S.L. was 88 feet. 
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During the first 14 years the height of the cistern above M.S.L. was 2iz feet ; it was then changed to 183 feet. 
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During the first 31 years the height of the cistern above M.S.L. was 33 feet ; it was then altered to 45 feet. 



4 CURTIS— DIURNAL VARIATION OF THE BAROMETER 

any kind is marked upon the trace except one of time, which is produced 
by causing the clock to cut off the light for four minutes every two hours. 
But practically the top of the tube affords a fixed datum point from which 
the width of the trace can be measured ; and the value of this point, as 
well as the scale value of the trace, having been determined, readings can 
be obtained with considerable accuracy by means of a tabulating instru- 
ment, carrying a vernier and reading to thousandths of an inch. There 
is a special arrangement attached to the barometer, by means of which an 
automatic correction is applied to the trace, for the expansion of the mercury 
with temperature ; but no correction is applied to the tabulated readings, 
as published, for the heights of the barometers above mean sea level. 

A number of control readings of a standard barometer were made 
daily, — ^generally five each day, — and from the differences between these 
and the corresponding measurements of the trace, a daily residual correc- 
tion was obtained, and applied to the latter in order to get rid of certain 
small but unavoidable errors, which were always liable to arise from such 
causes as sluggish action of the automatic temperature correction, or 
shrinkage of the paper during the washings involved in the photographic 
processes. 

In addition, a rather elaborate system was adopted for checking the 
results, the details of which may be found in the Reports of the Meteoro- 
logical Office;^ but, as the final outcome of the whole, the data secured 
may fairly be regarded as being of excellent quality, from which thoroughly 
reliable, and strictly comparable, results can be obtained. 

It is obvious that these mean values will make it possible to study 
more fully than one has hitherto been able to do the seasonal changes 
which occur in the march of the diurnal variation of pressure over the 
British Isles ; and also that they afford data for studying the effect upon 
that phenomenon of the geographical position, and the physical surround- 
ings, of the places of observation ; and having necessarily had to make 
myself tolerably familiar with the values in the course of their prepara- 
tion, I propose to call attention to a few of the more striking features of 
the oscillation which they appear to me to exhibit 

It is unfortunate for the purpose of any inquiry into the diurnal 
variation of barometrical pressure that the time employed at the 
observatories was in every case Greenwich mean time ^ ; for if we start 
with the assumption that these diunial oscillations, like those of tempera- 
ture, and indeed of every kindred meteorological phenomenon, are directly 
dependent upon the earth's diurnal rotation, it becomes necessary to 
consider them at each place with reference to the meridian distance of 
the sun, or, in other words, to use the local apparent time of the station. 

In the following discussion, therefore, the mean values as published by 
the Meteorological Council have been corrected : — (1) for the longitude 
of the place, and also, by the application of a mean monthly correction, 
for the equation of time ; and (2) for the disturbing effect of the casual 
or non-periodic variations, the effect of which often is to produce different 

* See Reports for the years ending March 1869, and 1890. Particulars as to the Obser- 
vatories themselves will be found in the Quarterly Weather lieport for 1870, Ilimrly 
Headings for 1885, and Hourly Means for 1891 and 1892. 

2 Mean time must necessarily be kept by the clocks, but this can be allowed for when 
measuring the barog^anis. 
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mean values for the two ends of the mean day. This last error has been 
got rid of by assuming that the disturbances giving rise to it were spread 
equally over the entire day, and applying to each hour a proportional part 
of half the difference between the two terminal values, in opposite direc- 
tions in the a.m. and p.m. The noon value, upon which the diurnal 
curve is, as it were, pivoted, is left unaltered. 

It is hardly necessary to observe that the principal features of a curve 
exhibiting the diurnal march of barometrical pressiire are two minima 
and two maxima, — the first minimum occurring early in the morning and 
the second in the afternoon, whilst the first maximum falls in the forenoon 
and the second not far from ten o'clock in the evening. Between the 
tropics the oscillation may amount to as much as a tenth of an inch, 
but its mean amplitude decreases as the latitude increases, and the greatest 
amplitude, as exhibited by the mean values now under consideration, 
amounts to not much more than three-hundredths of an inch. 

Notwithstanding this small mean range, however, the phenomenon 
may be distinctly observed on quiet days when the barometer is not dis- 
turbed by the non-periodic fluctuations already referred to, and under such 
conditions in summer the oscillation occasionally approaches a tenth of an 
inch. The non-periodic movements are generally so much larger than the 
regularly recurring tidal oscillations that the latter are as a rule entirely 
masked by them. But even in unquiet periods, when the casual fluctua- 
tions are dominant, the diurnal atmospheric tide will always manifest 
itself if the hourly observations of the barometer for a short period are 
meaned, although to get a true average view of the phenomenon it is of 
course necessary that the observations should extend over a considerable 
period, so as to eliminate accidental peculiarities, due to the influence of 
abnormal conditions of weather. 

The whole phenomenon of the double oscillation recurs with each 
diurnal rotation of the earth, and is propagated from east to west, and 
therefore, in what follows, I have dealt with the four observatories in the 
order of their longitude, beginning with the most easterly. 

It is not always possible to locate with absolute precision the critical 
epochs of any plmse of the phenomenon, partly because to do so would 
require mean values at closer intervals than one hour, but also because in 
some instances the pressure remains near its highest or lowest value, with 
but very little change, for a considerable time, the curve formed when 
the values are exhibited graphically being in such cases very flat. In 
order to locate the phases as closely as possible I have therefore made a 
graphical interpolation between the mean hourly values, in each month, 
which gives the following as the main features of the change of epoch. 

The Seasonal Change of Epoch of the Four Phases of the Phenometwn. 

* The First Minimum, — At each of the four observatories this phase of 
the daily oscillation occurs later in winter than in summer, there being a 
gradual shifting of the epoch earlier as the sun moves northwards, and a 
return in the opposite direction, towards noon, as its declination decreases 
again, but this movement is more marked at the eastern than at the 
western stations. In every case the earliest time of the occurrence of 
the phase is in June. 
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At KeWy which is both the most eastern and also the most continental 
of the four stations, the time of the phase varies from a few minutes 
after 5 a.m. in January to just before 3.30 a.m. in June; after which 
month it comes gradually back again to 5 a.m. in December. 

At Aberdeen the change in time with the change of season is very 
similar to that observed at Kew, but as a rule the phase occurs about 
half an hour later than at Kew all through the year. 
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Fig. 1. — Change of Epoch of the Four Phases. 

At Falmouth in December and January the phase occurs at about 5 a.m., 
but in February there is an abrupt change to 4 a.m., after which month 
until November the change of epoch is very slight, and covers only about 
half an hour. 

At Valencia the time of occurrence throughout the year is almost the 
same as at Falmouth. 

At the two eastern stations, therefore, there is a gradual shifting of 
the epoch, from winter to summer and back again, over an interval of 
about two hours; whilst at the two western stations the change from 
February to June is trifling, and the principal change of the year occurs 
in mid-winter. 

The First Maximum, — ^The seasonal change of epoch exhibited at the 
four stations by this, the second, phase is far more varied than that 
observed in the case of the first phase. 

At Keio the latest time of occurrence is 10.45 a.m. in February, after 
which it gradually falls earlier, till in May, June, and July, it occurs 
at 8 a.m. It then recedes again during the autumn to 10.30 a.m. in 
November and December, thus covering a range of epoch of nearly three 
hours. 

At Aberdeen the changes from month to month are irregular and very 
slight Speaking generally, the phase occurs at about 10.30 a.m., and 
the range of epoch is less than half an hour. 

At Falmouth there is a decided tendency for the phase to occur later 
in summer than in winter. In January its time is about 10.30 a.m., but 
in June and July it falls three-quarters of an hour later, at 11.15 a.m. ; 
after which it becomes earlier again and remains near 10.30 a.m. during 
the rest of the year. 

At Valencia the changes of time are somewhat erratic, as at Aberdeen. 
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The phase occurs latest in summer, as at Falmouth, and slightly earlier 
in September than in any other month, as is also the case at Falmouth 
and Aberdeen. In August the epoch cannot be satisfactorily located, but 
omitting that month the times range from 11.30 a.m. in May, to a little 
before 10 a.m. in September. 

The Second Minimum, — ^The change of epoch shown by this phase is 
at once the most marked, and the most uniform in character, at each of 
the four observatories. The change is, however, in the reverse- direction 
to that shown by the first minimum, and becomes later as the season 
passes from winter to summer, and vice versd. 

At Kew the earliest time of occurrence of the phase is 2 p.m. in 
January, from which month it steadily becomes later until May, when it 
falls at 5 p.m. From May to August there is very little change, although 
the actual latest time is about 5.15 p.m. in July; after July it gradually 
falls earher again until it is observed at 2.10 p.m. in December. The 
change is therefore fairly uniform throughout the year, and covers a range 
of about three and a quarter hours. 

At Aberdeen only a small change of epoch occurs during the winter, 
from November to March. From March to April it goes back an hour 
and a half, and from thence to October the change is very similar to 
that exhibited at Kew, but the maxima generally occur a few minutes 
earlier than at the latter station. The range of epoch is from 2.45 p.m. in 
January, to 4.50 p.m. in May and June, and thus covers only about two 
hours. 

At Falmouth the change of epoch is very similar to that observed at 
Kew, the chief difference being that the critical point of the phase is 
generally reached a few minutes later, and that the actual latest time, 
5.25 p.m., is reached in August instead of in July. But the amplitude of 
the change — three and a quarter hours — ^is the same at both places, and 
at both there is exhibited the same small amount of change during the 
summer months. 

At Valencia, from September to April, the epoch of the phase is almost 
identical with that observed at Falmouth ; but from April to September 
it changes but little, and falls earlier than at Falmouth. The time varies 
from 2.10 p.m. in January to 4.50 p.m. in June, and therefore covers a 
range of nearly two and three-quarter hours from winter to summer. 

The Second Maximum, — Kew is the only station at which this phase 
shows any approach to a regular seasonal change of epoch. 

At Kew the phase occurs as early as 9 p.m. in January, after which 
it gradually becomes later, until in June it falls at 1 1 p.m. It then gets 
earlier again, and in December is observed at about 9.30 p.m., so that it 
covers a range of about two hours, the change occurring in a fairly uni- 
form manner throughout the year. 

At Aberdeen the critical point of the phase is not well defined in the 
winter months, but it probably occurs at about 8 p.m. in January and 
February, and then recedes to about 9.45 p.m. in May. From thence to 
August there is scarcely any change, but in September the phase abruptly 
shifts earlier again, to a little after 8 p.m. 

At Falmouth the phase occurs at about 9.30 p.m. all the year through. 

At Valencia also the change throughout the year is very slight, but 
the critical part of the phase is generally reached a few minutes earlier 
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than at Falmouth, and its earliest occurrences are in August and Sep- 
tember. 

To sum up the above it may be said that Kew is the only one of the 
four observatories at which a uniformly progressive seasonal change of 
epoch is observable with each of the four phases of the double oscillation. 
Both of the morning phases become earlier with the approach of summer, 
and get later again as the year declines ; whilst the two afternoon phases 
change their epoch in the reverse direction. 

At the other three (Coast) stations the two minima alone show a 
change of a similar character, and it is only with the afternoon minimum 
that it is especially well marked. In the case of the two maxima the 
changes of epoch are slight, and they show no such regular progression 
as is exhibited at Kew. 

The change of epoch from month to month will be easily followed by 
referring to the diagram, Fig. 1. 

Seasonal Change of Ampliiude of the Four Phases of the Phenomenon. 

The different phases of the oscillation show at all the stations a re- 
markable seasonal change as regards their amplitude, and if these changes 
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Fio. 2. 



are compared with each other it is found that they are by no means alike 
at all the observatories. In every case, however, they exhibit a fairly 
uniform progression from winter to summer, and back again to winter, so 
that in describing the changes it will be sufficient to deal with a typical 
summer and winter month, it being understood that the change from 
one to the other is, upon the whole, a uniformly progressive one. 

At Kew, in winter, the morning and afternoon minima are each about 
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•010 inch below the mean pressure for the day, whilst the first maximum 
rises about *015 inch above it. This maximum is the chief feature of the 
oscillation. It is led up to from the first minimum by a steady increase 
of pressure lasting nearly five hours ; remains near its highest point for 
about an hour ; and is then followed by a decided fall, which brings along 
the second minimum in about three hours. The increase of pressure which 
follows the latter phase continues for seven hours, and the second maxi- 
mum, when reached, gives way again very gradually before the decrease 
which leads once more to the morning minimum. 

In the months of December and January this decrease is quite arrested 
for about an hour at 1 a.m., and indeed there occurs a slight rise forming 
the third maximum, observed only in winter, to which Rykatcheflf first 
called attention in 1879.^ The only trace of this phase of the oscillation 
shown in other months is a slight retardation of the rate of fall observable 
at the same hours in November and February. 




Fio. 3. 

With the approach of spring and summer the amplitude of the morn- 
ing oscillation becomes greatly diminished, whilst that of the afternoon 
becomes increased. In May and June the first minimum falls but slightly 
below the mean, whilst the first maximum rises to only about two-thirds 
of its winter amount. The fall which follows it, however, lasts longer 
than in winter, and leads to a deep second minimum, -015 inch below the 
mean, which now forms the chief feature of the oscillation. This in its 
turn is quickly succeeded by a brisk rise, which lasts about six hours 
before the second maximum is reached, about '010 inch above the mean, 

^ Za marche diurru du haromHre en Russie, et qudmits remarmies concemant ce 
pMnomine en gfnSreU, par M. Rykatchkfk, 1879. 
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and is then followed pretty promptly by the descent which leads again 
to the morning minimum. 

At Aberdeen the seasonal change is different. In winter the two 
morning phases are the most prominent features of the oscillation, the 
minimum being about *015 inch below and the maximum *010 inch above 
the mean pressure for the day. The afternoon minimum and the second 
maximum are both much smaller than the corresponding morning phases, 
being respectively about '005 inch below and -007 inch above the mean ; 
and it is noteworthy that the recovery of pressure which follows the 
afternoon minimum is somewhat unsteady. In December and January 
the " third maximum " between 1 a.m. and 2 a.m. is clearly indicated 
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Fig. 4. 

In summer both the a.m. and the p.m. minima become small, the 
morning minimum undergoing the greater change, whilst the first 
maximum becomes so small that it scarcely rises above the mean for the 
day, and the small oscillation it exhibits becomes spread over about thir- 
teen hours. The second maximum, however, rises by a steady increase 
of pressure to about *010 inch above the mean, and is now the most 
prominent phase of the four. The maximum range at this place, in 
summer, is only about one half of that observed at Kew in the same 
season. 

At Fatmouih, in winter, the most prominent phase of the oscillation 
is the first maximum, which rises sharply to nearly *020 inch above the 
daily mean of pressure, and is at once followed by an equally brisk fall. 
The first minimum is about '013 inch, and the second minimum rather 
less, below the mean, and they are separated by an interval of about nine 
hours. The increase of pressure which follows the afternoon minimum 
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is less rapid and a little irregular, and the maximum when reached is 
only about '008 inch above the mean. The fall leading to the morning 
minimum does not set in at once, and as at the other stations it is 
temporarily checked, in December and January, early in the morning. 

With the approach of summer the morning minimum becomes a little 
deeper ; but the first maximum decreases to half its winter height, and 
the second minimum only falls to about *003 inch below the mean, the 
two minima being 13 hours apart. The rise which follows is, however, 
very brisk, and in four hours carries the oscillation to about *012 inch 
above the mean, to the second maximum. The extreme range of the 
diurnal oscillation in summer is therefore nearly *030 inch, which is 
slightly less than occurs in winter. 

At Falencia the seasonal change is similar in character to that 
observed at Falmouth. In winter the amplitude of the oscillation 
amounts to about *030 inch ; and in December and January the small 
early maximum is indicated as at the other stations. 

In summer the first maximum is much smaller than in winter and 
only exceeds the mean by '005 inch, whilst the second minimum becomes 
merely a small dip of '006 inch, and therefore only just falls below the 
mean, the interval between the two minima covering from 12 to 13 
hours. The highest point is reached by the second maximum at about 
9 p.m., and is about *012 inch above the mean. The total range of the 
oscillation amounts, to about '030 inch. 

To sum up the above : in winter the most salient feature of the 
phenomenon, at each of the stations, is the morning maximum, which 
separates the two minima of nearly equal depth by only about 9 hours. 
The evening maximum is relatively small, is less abruptly reached, and 
divides the afternoon minimum from that of the succeeding morning by 
about 15 hours. 

The existence of the " third maximum " in January is also unmistak- 
ably indicated, and its persistence year by year at each of the stations 
shows it to be a true phase of the diurnal oscillation in mid-winter, and 
not a result of causes which are merely accidental in their action. 

The change which takes place in the character of the oscillation as 
summer approaches is not the same at inland as at coast stations, nor is 
it the same on the east coast as on the west. At inland places, as 
represented by Kew, the morning minimum becomes much shallower than 
in winter ; the afternoon minimum becomes much deeper, and the two 
maxima become of equal height; but the afternoon minimum is not 
reached till 14 hours aiter the morning one. 

On the east coast, as represented by Aberdeen, both the minima 
become small, and the first maximum smaller still, whilst the second 
maximum, developing quickly, becomes the most prominent phase of the 
four. 

On the west coast, as represented by Falmouth and Valencia, the 
morning minimum becomes much deeper, the first maximum and second 
minimum both much smaller, but the second maximum much higher ; 
thus exactly reversing the change observed inland. 
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Influence of Temperature. 

It may now be of interest to compare briefly these seasonal changes 
in epoch and character, observed in the diurnal barometric tide, with the 
corresponding changes shown in the diurnal march of temperature, at the 
same stations ; and as all the data for such a comparison are given in the 
volume already referred to,^ this can readily be done. 

At Kew in the winter the mean change of temperature during the first 
eight hours of the day is very slight ; the minimum is reached at about 
8 a.m., after which hour the temperature rises till the maximum is reached 
at 2 p.m., when a fall sets in and continues until midnight. The mean 
range of the movement is from about V'5 below the mean for the day to 
2°*6 above it, or about 4° in all. With the approach of spring and summer 
the time of the minimum falls earlier, and the decrease of temperature is 
continued beyond midnight into the early morning, the actual minimum 
becoming more sharply marked. From May to July the time of the 
minimum temperature is about 4 a.m., but in August it begins to fall 
later again, and by November it is back to 7 a.m. From June to 
September the maximum occurs at 3 p.m., which is only one hour later 
than its time in mid-winter ; and the amplitude of the mean daily range 
in midsummer is about li°. 

At the other three stations the general features of the seasonal march 
of this element are very similar to those observed at Kew; but the 
daily range is always less, and the rise to the maximum is not only 
more gradual but it is less promptly followed by the succeeding fall, so 
that although the maximum is lower it is usually maintained for a 
longer period. 

It is not easy to correlate the changes in the diurnal march of the 
two elements, — pressure and temperature — either as regards epoch or 
amplitude. 

In the first place there does not appear to be any direct connection 
between the epoch of the critical portions of the pressure oscillations and 
those of temperature, and whilst, e.g.j the epoch of maximum temperature 
only varies about an hour throughout the year, that of the first maximum 
and second minimum pi pressure, — the two phases of that oscillation 
which might be supposed to be most directly affected by the maximum 
of temperature, range, as we have seen, over several hours. Similarly, 
although both the minimum of temperature and the morning minimum 
of pressure become earlier as the summer approaches, the change is not 
equal in the two elements, and it is not possible to directly connect 
them as cause and effect ; and further, it is only at Kew that anything 
approaching a regularly progressive change of epoch is observed in each 
of the four phases of the pressure oscillation. 

In the next place, the change which occurs in the amplitude of the 
temperature oscillation from month to month, although varying in 
amount is yet similar in character at each of the four stations, whilst 
the changes which are observed in the pressure oscillation differ at the 
various places very materially. Thus with the increase in the amount 
and range of temperature at both places, we have at Kew a great 

* Hourly Meaiisfor the Year 1895, Appendix. 
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decrease of the morning and a large increase of the afternoon barometric 
minima, whilst at Valencia we get just the reverse; and whilst at 
Kew the two maxima undergo but a slight change, at Valencia the 
morning maximum becomes much reduced and the evening maximum 
considerably increased. 

The question then arises whether temperature reacts upon the 
pressure oscillation indirectly, through the agency of some other element ; 
and one naturally turns first to the aqueous vapour of the atmosphere 
for an answer. 

It is unfortunate in this connection that the series of long-period 
means of pressure and temperature which we are now using does not 
include data for determining the daily march of the hygrometric condition 
of the atmosphere ; but there have been published mean values for the 
wet bulb for individual years for the period 1887-95, and these I com- 
bined, in the case of certain months, in order to get means for the nine 
years. From the mean hourly difference between the dry and wet bulb 
temperatures thus obtained I worked out the mean hourly values of 
humidity and of vapour tension, for the months of January, April, July, 
and October, which months I thought would represent sufficiently well 
the annual march of the phenomena ; and by combining upon a single 
diagram for each month the curves of those elements with those of 
pressure and temperature, their intercomparison was rendered easy. » 

The result showed that in winter, at each of the four observatories, 
both the mean relative humidity and the mean tension of vapour remain 
almost unchanged from midnight till 8 a.m. or 9 a.m., the first change 
accompanpng, or quickly following, the first rise of temperature. This, 
however, is not until two or three hours after the increase of pressure 
which follows the first minimum has begun, and when it is in full 
progress. At this season of the year both the humidity and the vapour 
tension show a very simple daily change, the former decreasing, and the 
latter increasing, with the rise of temperature, and vice versd. But at 
no part of the day do these movements properly synchronise with that 
of the pressure curve, for beginning after the pressure has begun 
to increase they continue without change for some hours after the first 
maximum of pressure is passed ; and indeed it is not until the second 
minimum is almost reached that the tension decreases again and the 
dampness of the air begins to increase, the new movement continuing 
until midnight, and therefore until after the second maximum has been 
reached and passed. 

In April there is rather less uniformity in the occurrence of the phases 
of the hygrometric phenomena, and they cover a greater range than in 
midwinter, but upon the whole the remarks made respecting January 
apply to the spring month also. 

In July the hygrometrical curves show larger and more important 
differences between the stations, and while at each place the relative 
humidity shows a fairly symmetrical decrease and increase, corresponding 
to the rise and fall of temperature, the march of vapour tension becomes 
more irregular. With the earlier rise of temperature the vapour tension 
also begins to increase early in the morning ; but after continuing to do so 
during the first two or three hours following sunrise the rise generally 
ceases at about 7 a.m., and then for several hours it changes little and 
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unsteadily. At Falmouth this condition lasts till the afternoon, when the 
tension very slowly decreases, the whole daily oscillation being but small 
At Kew, after about noon, the check is followed by a second and steady 
increase of tension, which lasts till the evening, when a fall sets in and 
continues till next morning. At Aberdeen the first rise is rapid for a 
couple of hours ; then a slight fall occurs, and is followed by a second rise, 
the whole oscillation being similar to that observed at Kew, but on a some- 
what smaller scale. At Valencia the morning check is slighter, and the 
increase and decrease is more symmetrical throughout the day than is 
the case elsewhere. 

In October also the hygrometrical phenomena vary somewhat al the 
four stations, but the curves are more symmetrical throughout the day, 
and upon the whole are more similar to each other than is the case in July. 

But nowhere is it possible to trace from the curves any consistent 
and direct relation between the increase or decrease of vapour tension, or 
of humidity of the air, and the diurnal rise or fall of the barometer ; for 
hygrometrical change? which began whilst a given movement of the 
barometer was in progress are found to continue unchanged till long after 
that movement has become reversed ; and combinations which seem to 
hold good in certain cases are negatived in others. In short, both as 
regards their epoch and character, it seems impossible to synchronise 
directly the changes in these different elements, or to indicate precisely 
their relation to each other. 

A rise in the mean temperature of the air is almost always accom- 
panied by a diminution in its relative humidity, and at least during the 
colder part of the year by an increase in the tension of its vapour. 

But this is the season of the year in which there is comparatively 
little difference in the barometric oscillation as it is observed at each of 
the four stations. In the warmer months the change in the tension of 
vapour with change of temperature does not follow so simple a pro- 
gression, and while the air becomes warmer, and its relative dryness 
continues to increase, its elastic force ceases to do so and even becomes 
less. 

Although it is not very obvious how these two conditions of the 
aqueous vapour are co-related as regards the effect they jointly produce 
upon the barometer, yet it is difficult to resist the conviction that in this 
irregularity in the diurnal march of its elastic force lies the explanation, 
to some extent at least, of the differences which are observed between the 
summer and winter diurnal oscillations of pressure, and perhaps of the 
differences observed in the summer oscillations at the different stations 
also. But we cannot fully understand this part of the problem until we 
know more of the temperature and hygrometric conditions of the upper 
air. The mass and weight of the atmosphere are altered by the addition 
of water vapour to its lower strata, and its tension is increased by the 
inertia of the air ; but this is, in its turn, modified by convection currents 
set up as the temperature rises, and it is important to know how far the 
influence of such currents extends. 

At any rate it is impossible to study the curves without feeling 
certain that in the simple diurnal oscillation of temperature lies the 
original source, the primum mobile, of the more complex daily barometric 
movement, and that its action is by no means always a direct one. That 
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the final result may be brought about through the action of more than 
one secondary agent is quite possible, but that the aqueous vapour of the 
atmosphere is one of them hardly admits of doubt. 

In order to further test this suggested effect of temperature I now 
tried to trace its action upon the barometer curve under more stringent 
conditions. 

All the comparisons hitherto made were based upon mean results for 
long periods, in which it may fairly be expected that the effects of 
abnormal temperatures, or of range of temperature, have been smoothed 
out and cancelled by each other. I therefore now took for comparison 
shorter periods, in which these abnormal conditions existed, choosing in 
the first place similar months of high and low mean temperature, in 
order to see what effect, if any, such conditions produced upon the 
barometric oscillation. 

The following summarises the results of this stage of the comparison : — 

January, Temperatwre below the mean. — Little or no difference from 
what was observed under mean conditions was exhibited by the curves at 
either of the four observatories. 

Temperature above the mean. — At Kew the morning minimum became 
a good deal deeper, whilst the afternoon minimum and the second 
maximum both became smaller. 

At Aberdeen the oscillation changed its character completely. The 
first minimum was of normal depth, but it was followed by a small 
maximum, and that in its turn by a deep second minimum, instead of a 
shallow one, and then came a very high second maximum, the range 
from the afternoon minimum to the maximum amounting to '04 inch. 

At Falmouth and Valencia the changes were unimportant. 

April. Temperature below the mean. — At Kew the first maximum 
became much decreased in height^ but beyond this there was no import- 
ant change. 

At Aberdeen, Falmouth, and Valencia only a small departure from 
mean conditions was observed. 

Temperature above the mean. — ^At Kew the first minimum became so 
small as scarcely to reach the mean for the day ; but the first maximum 
was much increased, and was followed by a very deep second minimum, 
the fall amounting to '05 inch. The second maximum was of normal 
height. At Aberdeen the oscillation approximated closely to that at 
Kew under similar conditions; but the range of pressure was less, 
although double what it is under normal conditions. 

At Falmouth and Valencia the first maximum was somewhat in- 
creased, but the other phases showed little change. 

July. Tenvperaiure below the mean. — At Kew the first minimum is 
deepened, while the second minimum and the second maximum both 
become very small, and the extreme range of the oscillation becomes 
reduced to '02 inch. 

At Aberdeen the first maximum becomes practically extinguished, 
the movement of pressure between the first and second minima being 
80 small and irregular as to reduce the oscillation to one maximum at 
night, and one minimum in the day. At Falmouth and Valencia less 
change was observed than at the other stations, the principal being a 
slight deepening of the morning minimum. 
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Temperature above the mean, — At Kew the first mlDimum became very 
small, but the second very deep indeed, with two high maxima; the 
range from the first maximum to the second minimum exceeding '04 inch. 
At Aberdeen the first maximum and the afternoon minimum are both 
more pronounced than with mean temperature conditions. At Falmouth 
the second minimum becomes deeper than with mean temperature con- 
ditions. At Valencia there is little difference from the meaa 

It should be remarked that both at Valencia and Falmouth the mean 
and also the extreme temperatures vary within narrower limits than at 
the two eastern stations, and exceptional weather conditions are also, as 
a rule, less persistent. 

Some mean results for July which were available for Armagh, a 
station about 35 miles inland from the eastern shore of the Irish 
Sea, gave results which were intermediate in character between Kew 
and Aberdeen. With warm conditions the curve approximated more to 
the Kew curve and with lower temperatures to that of Aberdeen. 

But even a month is too long a period throughout which to ensure 
having similar conditions of temperature, and therefore I now tried to carry 
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the comparison still further by using hourly means of pressure for the 
shorter period of five days, and also the hourly observations for some single 
days, so as to allow of such a condition being entirely fulfilled. 

In this step a new difficulty arose — to find the required temperature 
conditions combined with barometric conditions sufficiently steady, and 
free from non-periodic oscillations, as to allow the true diurnal tide to show 
itself without distortion, the time being generally too brief for the non- 
periodic changes to cancel each other by the usual process of averaging. 
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The general result of this part of the work was to confirm the con- 
clusions already arrived at from the monthly means ; but not only did the 
character and range of the oscillations, due to high or low temperatures, 
now become more pronounced, but it also became apparent that the daily 
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Noa. 1 and 2. — Kxw curves for single days. 

No. 1.— Mean temp. 60**. Range = 27^ No. 2.— Mean temp. 65*. 

Nos. 3 and 4. — Valencia curves for months. 

No. 3.— July 1887, Mean temp. 62^ Range = 7^ 

No. 4.— July 1879, Mean temp. 55°. Range = 5^ 
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range of t^mperatiu-e was an even more powerful factor than the actual 
amount of the temperature ; whilst the state of the sky, as influencing 

C 



18 CURTIS— DIURNAL VARIATION OF THE BAROMETER 

both terrestrial and solar radiation, was seen to be another important 
factor. 

Another result which seemed to be established was, that when the air 
was dry the morning minimum became smaller, and the afternoon minimum 
deeper ; whilst an increase of moisture beyond the normal amount tended to 
produce an exactly opposite result. But since an increase of temperature 
was generally accompanied by a decrease of moisture, and vice versd, it is 
not certain what proportion of the final effect was due to these individual 
factors. 

From what has been said it would appear that the following conclusions 
may be drawn : — 

(1) The primary cause of the diurnal oscillation of the barometer is 
solar radiation, operating both directly and indirectly, and more particu- 
larly upon the lower strata of the atmosphere. 

(2) The amplitude of the oscillation is chiefly determined by the 
temperature, and also by the amount of the diurnal range of temperature, 
of the lower strata of the atmosphere. 

(3) Aqueous vapour probably plays an important, if somewhat 
obscure, part in producing the diurnal barometric oscillation, and also in 
bringing about the seasonal changes observed; but in this connection 
the changes in the elasticity of the vapour have to be considered as subject 
to modification by changes in the relative humidity of the air, and by the 
effects of evaporation and condensation. 

(4) The relative magnitudes of the different phases of the barometer 
oscillation, as observed, depend largely upon the geographical position and 
physical surroundings of the place of observation, in so far as these are 
capable of modifying its temperature conditions, and especially the relative 
distribution of temperature over the regions immediately surrounding it 

It may further be added that the changes in the character of the baro- 
metric oscillation which are seen to accompany variations in temperature, 
even when those variations are of but brief duration, and also the variations 
in character due to the local surroundings of places of observation not far 
removed from each other, and under conditions which in other respects are 
similar, suggest that it is unsafe to assume that a true view of the oscillation 
can be obtained from a small number of observations. On the contrary, it 
would appear that under such conditions a great risk is run of getting an 
incomplete, or even an altogether inaccurate, conception of the phenomenon, 
especially in latitudes in which non-periodic variations of the barometer 
are frequent or large. 

It forms no part of the plan of this paper to add another to the several 
theories which have already been put forward to explain the phenomenon 
of the diurnal oscillation of atmospheric pressure ; but it may not be amiss 
to close it by noting briefly how far some of them are supported, or other- 
wise, by the facts which have been mentioned above. 

Perhaps these theories may be divided roughly into two classes, in the 
first of which the phenomenon is regarded as the combined result of two 
very different and independent agencies, one being temperature, whilst the 
other is obscure, but is probably some kind of gravitational undulation or 
wave. These are supposed to produce separate oscillations, having distinct 
periods, but more or less overlapping each other, the observed baro- 
metrical oscillation being the result of their combined action. In the second 
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class the phenomenon is regarded as being entirely due to temperature, 
acting directly or indirectly, and either by increasing the tension of the 
air, where there is resistance to its expansion upon being warmed, or by 
setting up gravitational currents which affect the mass, and therefore the 
weight, of the atmosphere over the place of observation, the currents 
succeeding each other in a regular manner, and in such a way as to cause 
the sequence of barometer movements observed. 

Of the first class, the theory that the movement of the barometer is 
primarily the result of a simple diurnal undulation, set up by the action 
of solar radiation upon the upper strata of the atmosphere, but modified 
near the earth's surface by other agencies, is diflScult to reconcile with 
the little knowledge we possess as to the range of temperature in the 
upper atmosphere ; and also with the facts brought out by the present 
inquiry, which show that the conditions of temperature near the surface 
of the earth are of themselves competent to bring about a complete 
transformation in the character of the pressure oscillation. We have 
seen, for example, that a change in the local conditions of temperature, 
confined to a single day, is suflScient to vary the amplitude of the oscilla- 
tion, and also to give to it at one place quite a diflferent character from that 
which a similar change would produce at another ; and the magnitude of 
these effects is so great as to suggest that in these lower temperature 
conditions probably lies the real source of the entire phenomenon. The 
theory is based mainly upon the results obtained from the treatment of 
observations by Harmonic Analysis, and there would seem to be some 
danger of forcing such deductions, and of carrying them further than the 
method itself warrants. Rykatcheff remarks with reference to this point 
that it is important to remember that the formula employed is not 
deduced from the theory of the diurnal march of the barometer, but it 
is a series which may be employed to represent the march of any pheno- 
menon having a periodical function ; and he asserts that in certain cases 
it may give fictitious values, which will not truly represent the real 
phenomena of nature as they are revealed by observation.^ 

Amongst the other class of theories mention may be made of the 
emphasis which Dove places upon the part played by the elastic force of 
vapour, as distinct from the weight of the dry air, when both these 
elements are acted upon by changes of temperature, and by the rate and 
amount of the evaporation and condensation by which those changes are 
accompanied. Following a similar line, others have attributed the morn- 
ing minimum almost entirely to loss of tension caused by the deposition 
of dew ; and the maximum following it to an increase of tension caused 
by the inertia of the upper strata of the atmosphere when evaporation 
was in progress ; whilst others again have looked upon the phenomenon 
as the result of the simple heating and cooling of the air, producing 
ascending and descending currents, and also accompanied by variations 
in elasticity due to inertia, but not depending to any marked degree 
upon the hygrometrical condition of the atmosphere. 

Both Rykatcheff and Buchan have regarded the sequence of the 
phenomena as due mainly, but not exclusively, to alternating lateral 
— easterly and westerly — movements of masses of air, from and towards 
the place of observation, set up under the influence of solar radiation. 

* La Marchc Diunie dii BaromHrc en Russir, p. 78. 
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Movements in both directions may be proceeding simultaneously, but at 
different levels, and the critical epochs of change of the different phases 
are determined by the moment when the one begins to predominate over 
the other. 

Eykatcheff has sought for a corroboration of his theory from anemo- 
metrical observations made at various places, but he has confined his 
explanation entirely to the movements of the atmosphere named, attach- 
ing but little importance to variations in tension due to the inertia of the 
air. 

Buchan, on the other hand, has regarded the first two phases of the 
phenomenon as being due directly to temperature affecting the tension of 
the air, and the evening maximum as being caused by an increase of 
mass resulting from lateral currents ; whilst the afternoon minimum he 
considers to be due to an ascending current of warm air ; apparently he 
regards the vapour in the air only with reference to its capacity to absorb 
heat) and not from the same standpoint as Dove. 

The greatest difficulty in the task of unravelling the cause of the 
phenomenon lies, without doubt, in the fact that so little is known of 
the conditions which obtain in the upper air. In this respect we have 
practically nothing to go upon but surmise. Mountain observatories 
help us but little, because they do not tell us what takes place in the 
free air. The mass of the mountain upon which they are placed, its 
effect in deflecting the currents of air which reach them, and also upon 
the temperature of the air surrounding them — not to mention other 
causes which affect the accuracy of the actual observations themselves,^ 
are all factors which it is impossible to evaluate, but which doubtless 
influence considerably the diurnal pressure oscillation as it is observed 
at such stations. 

At the same time almost every suggested explanation involves, to a 
greater or less extent, causes and effects which are supposed to originate, 
or to be continued, in regions much higher than the comparatively low 
levels at which mountain observatories are possible ; and such causes are 
always hypothetical, if indeed in some instances they are not opposed to 
the ideas which the little knowledge we do possess would appear to 
warrant 

It is therefore only when we are dealing with actual observations 
near the earth's surface and with the deductions they clearly warrant, 
that we are upon really sure ground. 

We have seen that whatever may be the primum mobile of the pheno- 
menon, the temperature conditions near the earth's surface are all-powerful 
in its further development These very probably act upon the barometer 
to some extent by varying the tension of the air, and of the aqueous 
vapour the air contains ; but for a full explanation of the facts shown to 
exist there would also seem to be required some system of atmospheric 
currents, capable of affecting the mass of the atmosphere above the place of 
observation; and it is not difficult to understand how such currents 
should result from these same conditions of surface temperature. 

* JS.g.^ see a paper by Dr. Buchan in the Froc. Roy. Soc. Edin.y vol. xviii., on "The 
Influence of high Winds on the Barometer at the Ben Nevis Observatory " ; from which it 
appears that in strong winds the barometer reading may be from '025 inch to '160 inch too 
low, and is probably below the truth with nearly all winds. 
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For example, in summer, when the effects of insolation are greatest, 
and the differences in the march of the phenomenon as observed at 
different stations are most marked, we find at Aberdeen both the 
morning maximum and the afternoon minimum so much reduced as to 
be scarcely noticeable, whilst at Kew only the morning maximum is 
reduced, and that but little, whilst the afternoon minimum becomes 
greatly developed. Aberdeen is a coast station, with sea to the eastward 
and a hilly region to the westward, and whilst the range of temperature 
is small both at Aberdeen and in the hills, it is probably considerably 
less over the sea to the eastward. Under these conditions there could be 
but little increase of tension due to increase of temperature, and the 
temperature gradients would also be slight, so that no considerable 
currents of air would be set in motion, and therefore little change of mass 
would result from that cause; and generally one might expect the 
oscillation of pressure to be small, as it is. Kew, on the other hand, is, 
relatively to Aberdeen, a continental station, and the temperature 
gradients are far more considerable. Whilst, therefore, one might 
possibly expect a greater variation in tension due to increased range 
of temperature, it would also appear likely that more important tempera- 
ture gradients would be set up, accounting for the deep afternoon 
minimum, which is seen to become deeper as the range of temperature 
becomes greater, and also for the rapid increase of pressure which 
succeeds it. 

In Valencia, again, we have a coast station with the ocean to the 
westward, instead of to the eastward as in the case of Aberdeen, and the 
positions of the region (land) most likely to be influenced by insolation 
being therefore reversed, one might expect that the direction of any flow 
of air, due to temperature gradient, would be reversed in like manner. 
The character of the oscillation observed shows that this is probably the 
case, for in summer whilst there is a deep first minimum there is scarcely 
any second minimum at all, and the oscillation becomes little more than a 
single one in the 24 hours. Assuming the cause of the oscillation to be 
a change in the mass of superincumbent atmosphere, this would be 
explained as follows : The deep morning minimum is due to a westerly 
current from the warmer sea towards the land, cooled during the night 
by radiation ; but as the land becomes heated by the sun this current 
ceases, and is succeeded by another from the land towards the sea, 
causing the first maximum. Owing, however, to the small change of 
temperature over the ocean there is but a slight temperature gradient in 
that direction so that the air does not flow away over the sea, and so 
bring about an afternoon minimum, but becomes piled up over the coast 
station, causing the high evening maximum which is observed, and which 
gives way in its turn when the land again cools enough to set up the 
westerly, landward current once more. 

Buchan explains the morning maximum, generally, as being simply due 
to " the expansive force called into play by the increase of temperature,'* 
the barometer "continuing to rise, not because the mass of atmosphere 
overhead is increased, but because a higher temperature has increased the 
tension or pressure." ^ But this hypothesis does not quite meet the fact 
that in winter the increase of pressure begins, and gets into full swing, 

^ Article " Meteorology," Encyd, Brit.^ ninth edition. 
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some hours before the time of sunrise, or of minimum temperature ; which 
fact seems to be better met by RykatchefTs view, that the increase of 
pressure is due to an increase of mass, caused by a current from the 
already warmed region to the east, which becomes stronger as the sun 
approaches the meridian of the place of observation. The 'afternoon 
minimum is explained by both Buchan and Rykatcheff as the result of a 
diminution of mass, due to gravitational currents flowing away from the 
place of observation, and set up by the approach of the maximum 
temperature ; and, similarly, both regard the evening maximum as due 
to increase of mass, resulting from currents in the opposite direction. 

This conclusion, however, would hardly lead us to expect that the 
morning minimum, which follows this accession of mass, is " due not to the 
removal of any of the mass of air overhead, as happens in the case of the 
afternoon minimum, but to a reduction of the tension or pressure of the 
air, consequent upon a reduction in the temperature through radiation," 
which is the view held by Dr. Buchan,^ but which is not, I think, 
supported by the facts brought out in the present comparison. 

The result of the comparison which I have made of the phenomena as 
observed at these four stations, and under diflerent conditions, leads me 
to the conclusion that changes in the mass of the atmosphere, due to 
gravitational currents set up by changes of temperature conditions, are 
much more important factors in all the phases of the oscillation than are 
the changes in tension due to the inertia and viscosity of the air. 



DISCUSSION. 

The President (Mr. F. C. Bayard) said that the Fellows of the Society were 
much indebted to Mr. Curtis for his admirable paper. Several years ago he 
himself had gone into the matter, using results for five years from the seven 
observatories in connection with the Meteorological Office ; and Mr. H. S. Eaton 
had also worked at this subject, using one year's figures only. In the present 
paper Mr. Curtis had given far more observations and much more knowledge. 
Ferrel, in his book, A Popular Treatise on the Wiiid, also gave a statement on 
this matter, but his conclusions are quite different from those arrived at by 
Mr. Curtis. 

Mr. E. D. Archibald remarked that, although he had not been able to see 
the paper before the meeting, and only heard a portion of it, Mr. Curtis was to 
be congratulated on having had the courage and ability to tackle such a big 
problem. Most meteorologists were content to walk round it rather than attempt 
to plunge into it. He was glad to find that Mr. Curtis was inclined to accept 
RykatchefiTs hypothesis, by which the double diurnal oscillation is assumed to 
arise from motions across the meridians of the upper air, induced by the successive 
arrival of the sun over different points of the earth due to the terrestrial diurnal 
rotation. In order to test the existence of such motions, experiments with 
anemometers at high levels or on kites might be employed. In America, where 
they flew them two miles high, it might be possible to start such work. He 
agreed with Mr. Curtis that the employment of the harmonic analysis was 
sometimes misunderstood. The resolution of a complex diurnal curve into diurnal, 
semi-diurnal, etc., components did not necessarily imply that such components 
had a separate physical existence. They might or they might not. Comparison 
* Article " Meteorology," Eiicycl, Brit., ninth edition. 
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of many analyses from many places would prove this. In his own paper " On 
the Diurnal Variation of the Various Meteorological Elements at Calcutta " in the 
Indian Mdeorological Memoirs^ the results from a number of places in Northern 
India generally tended to show that the first or diurnal component, usually 
regarded as due to temperature, varied greatly according to locality ; while the 
second or semi-diurnal component was nearly independent of locality, and was 
evidently due to general rather than local causes. Great caution had, however^ 
to be observed in regard to treating such components as completely separate 
entities. For his own part, he did not think the results of such a method 
commensurate with the inmiense labour invojlved in its calculations. He con- 
sidered the tropics, where local irregularities were a minimum, and the oscillation 
itself a maximum, more adapted to the study of the phenomenon than these 
latitudes. Mr. Curtis's diagrams, however, were distinctly valuable in showing 
the effect of season and humidity in causing special variations. In many points 
they resemble those which were exhibited by the Indian stations in different 
months and seasons, and the paper was a valuable contribution to the differential 
study of the problem. 

Mr. W. H. Dines said the thanks of the Society were due to Mr. Curtis for 
the great trouble he had taken in working up such a large set of observations. 
The phenomena presented considerable difficulty, and it seemed as though no 
perfectly satisfactory explanation could be yet given. The daily oscillation could 
be explained easily enough ; for the air on the sunny side of the globe must be 
warmer than that on the reverse side, and the twelve hours of daylight provided 
ample time for some of the warmed air to flow off above, and thus produce the 
afternoon minimum. The semi-diurnal oscillation seemed to be a sort of aerial 
tide produced by the heating effect of the sun. All free bodies had a certain 
definite period of oscillation ; and a very small disturbing force, if applied in 
the right way, would set up in such bodies a large oscillation. He might 
mention a swing as an example. A heavy person might be set swinging by a 
piece of fine cotton that would break with the strain of a few ounces. It was 
only necessary to continue a series of slight pulls with the cotton, and to time 
the pulls so that they should exactly coincide with the period of oscillation of 
the swing. This principle was one of constant occurrence in natural phenomena ; 
a certain anomaly in the moon's motion for a long time puzzled astronomers, 
but was at length found to be due to an extremely small disturbing force. The 
force was so very small, that it had been altogether neglected, but it chanced to 
coincide in period with a certain term in the harmonical expression of the moon's 
motion, and this produced an effect entirely out of proportion to its own intrinsic 
importance. Now Lord Kelvin had suggested that the natural period of oscillation 
of our atmosphere, taken as a whole, might be about twelve hours ; and if so, 
it might explain the semi-diurnal oscillation. The difficulty was that the tempera- 
ture variation had a period of twenty-four hours instead of twelve ; but harmonic 
analysis showed that there was also a semi-diurnal term in the temperature 
variation ; and it must be remembered that the harmonic analysis of curves could 
not invent terms that did not exist. The theory he had thus briefly sketched 
had been put forward by Dr. Hann of Vienna, a translation of whose paper by 
Dr. Scott was given in the Quarterly Journal^ voL xxv. p. 40. To him (Mr. 
Dines), this theory seemed to explain and fit in with the observed facts much 
better than any other ; and Dr. Hann's paper was certainly well worth perusal, 
although for himself he would much have preferred the data to have been put 
in the form of curves, rather than to have been given as equations. 

Mr. H. S. Wallis said that he had been interested in comparing the monthly 
means for twenty-five years for Kew given in the paper with the means for forty 
years recently published for Camden Square ; and also with the means for a 
hundred years given by H. S. Eaton in his paper read before the Society in 1880. 
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He thought that any one who plotted the three seta of figures as a diagram would 
agree with him that neither the twenty-five years nor the forty years was long 
enough to give a true monthly mean, and would be doubtful whether even the 
hundred years was long enough. 

Mr. G. J. Symons said that Mr. Glaisher had given in his Diurnal Range 
Tables corrections for the diurnal range of the barometer, based on t\*'o-hourly 
readings at Greenwich ; and he (Mr. Symons) had plotted the Kew curve under 
Mr. Glaisher's, but found that they did not compare very well together, the 
Kew values in the morning being practically half those of Greenwich, and the 
afternoon minimum much more marked at Kew than at Greenwich, while the 
evening maximum is practically identical 

Mr. C. Hardinq was pleased to notice the elimination of foreign matter in 
the paper, such as periodic and non- periodic changes. Mr. Glaisher had 
probably taken no such care, therefore it was not surprising that Mr. Curtis's 
figures did not agree well with his. Mr. Curtis had used local time, thus 
bringing everything to a standard and making tbem all comparable. The late 
Mr. Blanford had worked out the mean diurnal range of the barometer for 
India, extending the curves over the sea ; and he, Mr. Harding, had re-worked 
the figures, but with a different result, due to no notice being taken of periodic 
changes. Some twenty-five to thirty years ago he had taken out the means in 
mid-Atlantic, near the equator, and had noticed the steady march of epochs and 
amplitudes ; but his results were different from those of Mr. Curtia He was 
glad Mr. Curtis had only used arithmetical means. He had himself acquired 
the knowledge of using the harmonic analysis, but believed that for years its 
use had only hampered the means, although good points were shown by the 
first and second co-efficients. Mr. Curtis had given the facts, which will allow 
the theories to step in afterv^urds. 

Mr. R Inwards inquire! if Mr. Curtis had extended his investigations to 
the readings obtained at higk-level observatories, and thought that the records 
from the mountain stations in South America would be most suitable for this 
purpose. 

Mr. R H. Curtis, in reply, said he did not think it safe to attach much 
importance to anemometer observations in connection with the phenomena of 
the barometrical oscillation. Supposing the phenomenon to be due to the 
translation of masses of air, the rate of movement would probably not be 
rapid, and it would most likely occur in the upper air ; and in view of the not 
altogether satisfactory exposure of many anemometers, not to mention other 
difficulties peculiar to the instruments themselves, and which became important 
directly it was sought to compare their records inter se, he could not attach to 
their records so much weight as Rykatcheff had given to them. The suggestion 
of Mr. Archibald, as to anemometer experiments at high levels by means of 
kites, if it could be carried out, was much more promising. With reference to 
what had been said respecting the employment of the harmonic analysis in this 
investigation, he thought it most important to remember that that formula is 
not based upon the barometric oscillation, and that there are limitations to its 
use in that connection. It is too generally assumed that each component 
necessarily represents a distinct and separate cause. It may be the case, but it 
is doubtful ; and meanwhile it would appear that a good deal of ingenuity is 
wasted in suggesting causes to fit them, which probably have no real existence. 
The converse of this is to doubt — as has more than once been done — whether 
such features of the phenomenon as the early maximum in winter are " true 
physical features," merely because there did not appear to be anything in the 
harmonic expression which corresponded to them ; and this notwithstanding 
the fact that the mean values may exhibit the particular feature with perfect 
clearness and regularity. He had read Dr. Hann's paper more than once, but 
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he could not resist the conviction that many of the conclusions stated in it had 
been based on quite inadequate data. In reply to Mr. Inwards, he said he had 
not used mountain observations in the present discussion. The remarks of 
Mr. Symons, and of Mr. Wallis, referred rather to the accuracy of the data 
given in the tables. From his knowledge of the instruments used, and of the 
manner in which the observations had been dealt with, he felt quite justified in 
characterising the values now given as excellent, and better than any which 
had previously been published. Possibly Mr. Wallis had overlooked the fact 
that the values given are not reduced to mean sea -level, although they are 
corrected for temperature. For his own part, he considered mean values of 
pressure derived from twenty-five years' observations sufficiently good for any 
practical purpose. 



Hurricane at Sombrero, September 1899. — Capt M. W. C. Hepworth, of 
the Meteorological Office, has communicated the following note : — 

"On August 7 and September 8, 1899, hurricanes passed over the island 
of Sombrero, and from the report of the principal keeper at the lighthouse on 
that island the storm on September 8 appears to have been of exceptional 
violence. The observer, J. A. Richardson, sent to the Meteorological Office, in 
addition to the log kept by himself and his assistant A. L. Richardson, an 
excerpt from the journal of D. C. Richmond, the lighthouse-keeper at Phillips- 
burg on the island of St Martin. 

"Sombrero is in lat. 18' 36' N. and long. 63** 28' W., the position of 
St Martin being lat 18** 6' N. and long. 63** 5' W.; these islands therefore 
lie directly in the mean track of the West India hurricanes. 

"At 2 a.m. on September 8 the pressure at Sombrero, by a mercurial 
barometer supplied by the Meteorological Office, was 30*0 ins., and was 
dimimshing ; the wind was North (true) ; the velocity of the wind, by a dial 
anemometer, was 13 miles an hour, the weather being cloudy, hazy, and 'dirty 
looking.' 

" By noon the velocity of the wind had increased to 57 miles, and at 4.30 
p.m. it had backed to North-west. By 5 p.m. the anemometer showed a rate 
of 60 miles, and at 5.30 p.m. a rate of 86 miles an hour. The wind was still 
North-west, and the barometer stood at 2950 ins., having ceased to fall. After 
5.30 p.uL the anemometer was put out of action by the loss of the cups ; but, 
according to the report of the observer, the fury of the tempest was at its height 
between 7 p.m. and midnight 

" At St Martin the aneroid barometer — errors not known — stood at 30*05 
ins. at 6 a.m. on the 8th, and commenced to fall slowly ; the recorded direction 
of the wind — whether true or magnetic does not appear — was then North-north- 
west in a moderate breeze, which does not seem to have increased materially 
until 2 p.m. The reading of the aneroid was then 29*85 ins., and pressure was 
still diminishing ; the sea, however, during this time had become very rough 
and was breaking heavily on the sand-bar. 

" Intermittent rain then commenced, the wind increased, becoming squally, 
and the sky overcast A few flashes of lightning and a peal of thunder, accom- 
panied by heavy rain, are recorded at 2.45 p.m. by this observer, who at 
3.50 p.m. remarks: *Wind still North-north-west, aneroid 29*70 ins.' ; but at 
3.55 p.m. he states : * Wind now West by North, and blowing very hard during 
the squalls.' 

"Pressure remained the same until after 4.30 p.m., but at 6.40 p.m. had 
diminished, the aneroid recording 29*65 ins., and dropping five hundredths 
during the squalls. The wind had veered to North-west, and had increased very 
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considerably ; but backed again in a squall at 7.28 p.m. from West, and at 
7.35 p.m. was still from that point, * blowing in severe squalls of long duration,* 
when the obsen'er considers that the centre of the cyclone bore north, and was 
distant about 35 miles. 

" By cross-bearings of the centre roughly estimated by means of the data 
supplied by the observer at this station and by the light-keeper at Sombrero at 
different times, in an attempt to trace its track while in the vicinity of these 
islands at the time in question, it appears to have been situated North-north- 
west (true), distant about 50 miles from the former island, and about 35 miles 
distant from the latter, bearing about North-west by West (true). 

" I will now quote the Remarks Column of the Sombrero Register : — 

'* *The morning (of the 8th) opened with a very suspicious look, barometer 
falling. At 12 noon a most fearful cyclone, accompanied with a dreadful sea 
and heavy rain, swept over the islands, the worst one I have ever experienced 
for the past thirty years that I have been here. The sea covered more than 
two-thirds of the island, and ripped up nearly everything it struck. The 
anemometer cups blew off and went to pieces, not damaging the spindle. What 
time it happened I know not, for we were all at the top of the tower at 6.10 
p.m. ; but the strongest part of the cyclone was between 7 p.m. and midnight. 
The vibration of the tower was indescribable. A most fearful night' 

" After midnight the wind shifted to South-west and moderated somewhat, 
barometer rising rapidly, and at 6 a.m. on the 9th it had considerably abated, 
backing to South, and subsequently to South-south-east as a fresh to moderate 
breeze. At St Martin the wind shifted at 7.45 p.m. on the 8th to South-west 
by West, and was blowing with great violence at that time. At 8 p.m. it was 
from South-west, and was still increasing, debris flying about and striking 
violently against the house. At 9.50 p.m. the aneroid indicated 29*50 ins., and 
soon afterwards commenced to rise. 

" The strongest wind here appears to have been experienced between 9.30 
and 11 p.m. 

" The following note appears at the end of the manuscript received from the 
light-keeper at Phillipsburg : — 

" * During this storm I also observed and noted the lowest fall (sic) of 
a Dutch barometer in my possession, which was 21 millimetres, its standard 
(? reading before the advent of the storm) was 763 millimetres, and at 9.30 p.m. 
it registered 742 millimetres.' " 
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A SHORT NOTE ON EARTH TEMPERATURE OBSERVATIONS. 



Bt G. J. SYMONS, F.RJS., Secrstart. 

[Read Norember 15, 1899.] 

During a hot week in July last I made a few extra nvulings with a 
pair of thermometers, of which the bulhs were 1 foot Ih)1ow tho sui fiuH'^ 
of the ground, with the view to ascertaining (1) tho influence of slight 
shade, (2) the amount of daily range, and (3) the approximate curve of 
daily fluctuation. 

I wish it to be understood that I had not time to undertake a 
complete investigation, and that I submit this note, not as settling any 
of these points, but solely with the view of calling attention to thoni. 

The thermometers were not standard instruments, but, on testing 
them with my Kew Standard, I found that there was no error near the 
temperature concerned (60° to TO'') of 0'^*2, therefore no correction has 
been applied. They were of the ordinary pattern, insulated, mounted on 
short wooden rods, and dropped into wroughtriron tul>es with caps. Oiu^ 
thermometer was sunk in a grass plot fully exi)08ed to the sun, i'xcej)t 
late in the evening, this is regarded as the standard. The other was nunk 
in garden mould, north-west of some plants of rhubarb, and wiw, (huing 
most of the day, somewhat shaded by the leaves, but not surrounded !)y 
them. 

Table I. gives the actual readings. 

TABLE I.— Rkadings of Thermometers 1 Foot nEi/)w HuKFArK. 
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Table II. gives the results of an attempt to deduce some inferences 
from them. In order to get rid of the influence of secular change, the 
entry under 9 a.ra. is not the actual reading on each day, but the mean 
of the 9 a.m. readings on it and the subsequent one, and the amounts 
entered are the differences between the observed values and these means. 
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Approximate Curve of Temperature at 1 foot iu Summer. 



The mean difi"erences for each hour, as given by this table, have been 
plotted on the diagram, and they seem to lead to the following conclu- 
sions : — 

In hot summer weather, without rain, the temperature of a properly 
exposed 1-foot earth thermometer — 

(1) is at its minimum about 10 a.m., and rises to its maximum about 

10 p.m. 

(2) the daily range is about 2° '5. 

(3) the mean daily temperature line is crossed about 4 a.m. and 

about 5 p.m. 

(4) the shadow of any adjacent leaves not merely halves the amount 

of the daily range, but reduces the temperature at all hours by 
from r to V'h. 
With reference to (4), it would be interesting to know what occurs 
(a) under grass and (6) under bare soil. 

From the foregoing it api)ears that 9 a.m. (the usual hour for reading 
earth thermometers) is very nearly the time of minimum. As in sunless 
winter weather there is probably no daily range, we may guess that its 
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TABLE II.— DiFFEBRNOES OF TEMPERATURES AT EACH HoUR FROM THE ADOPTED 

Mean of the Exposed Thermometer at 9 a.m. 
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average throughout the year is about l"* ; if so, the meaus published are 
about half a degree below what they would be if based upon observations 
made hourly day and night. 

I am conscious of the slender foundation upon which the above con- 
clusions rest, but I do not remember seeing any determination of the 
daily temperature curve beneath the surface, and trust that this note 
may soon be supplanted by a better one. 

P.S, Since writing the above note the author has found some records 
made towards the close of the great frost of 1895. As they tend to 
emphasise the importance of exposure, he briefly epitomizes the results. 
The thermometers were of the usual pattern, but each was in bare soil ; 
one, north-east of buildings, had very little sun, and none after about 
10 a.m., the other had practically all the sunshine that there was. The 
shaded one generally read about 1"* lower, until rain set in, then both 
read alike. Later on, in April and May, when the north-east one had 
only the morning sun, and the other had it all day long, the latter 
exceeded the former by from 3** to 4°*5. This shows conclusively that^ 
for strict comparison, the instruments must be fully exposed ; and it also 
shows that we must not assume the subsoil temperature of a shaded street 
or court to be that shown by a thermometer at the same depth at a 
properly equipped meteorological station. 



DISCUSSION. 

The President (Mr. F. C. Bayard) said the Society was indebted to Mr. 
Symons for his paper. There were many points of interest in it, some of 
which, however, had been solved by Mr. H. Mellish in his recent paper 
{Quarterly Journal^ vol. xxv. p. 238). 

Mr. E. Mawley said that Mr. Symons's short paper was very suggestive, 
and clearly indicated the importance of placing all earth thermometers in fully 
exposed positions if comparable results were to be obtained from them. The 
author inquired what occurs under grass and under bare soil ? Now he (Mr. 
Mawley) happened to have in each of his percolation gauges an earth ther- 
mometer at the depth of 1 foot. The gauges in question, which are a yard 
square and a yard deep, contain the natural soil of the district, and have no 
vegetation growing on them. They are sunk in the ground nearly level with 
the surface of the same lawn, and have a similar exposure to the thermometer at 
1 foot under grass. Taking the same 9 days in July last as the author 
had done, he found that at 9 a.m. the thermometer under the bare soil in the 
gauges read on an average 1*'*3 higher than the one under grass. Consequently, 
had Mr. Symons' thermometers been either both under bare soil or imder grass, 
the differences between the readings of the one exposed and that partly shaded 
would have come out even greater than shown in the diagram. A fortnight 
ago, at Mr. Bentley's suggestion, he had buried a Richard thermograph in the 
ground so that its bulb remained 1 foot beneath the surface and within a few 
feet of a 1-foot earth thermonietor on the same lawn. For the past 13 days 
the mean daily range had been 1 '9, and the times of mean minimum and mean 
maximum 6 a,m. and 9 p.m. respectively. He had, however, reason to think 
that the tin box in which the thernio«^'rai»h was enclosed was larger than it 
should be, and that the few inches of air space above the thermograph caused 
the daily range to be greater than it otherwise would have been. He hoped to 
continue his exjHiriments with the same instrument under more natural con- 
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ditions, and to report to the Society at some future time the resiQts he had 
obtained. 

Mr. W. Mabriott said that earth temperature obfiervations formed an im- 
portant item in the Meteorological Record^ and in the number about to be 
published the tables of earth temperatures had been greatly extended. Great 
efforts were made to secure uniform observations ; but apparently an idea had 
gone abroad that they were not so. In the Hints to Meteorological Observers 
directions were given for placing the instruments under grass ; and at the 
inspection of the stations it was seen that these were complied with. Mr. 
Symons* instruments were not placed under similar conditions, one being under 
grass while the other was in bare soil. It would have been better for the com- 
parison if two thermometers had been placed under grass and two in bare soil. 
It would also have been better if means had not been given in the tables, as for 
two hours they were based on only one observation, and this accounted for some 
of the irregularities in the curves. He (Mr. Marriott) had taken readings at 
Norwood of an earth thermometer at 1 foot both at 9 a.m. and 9 p.m. for over 
21 years. The mean range of temperature from 9 a.m. to 9 p.m. for each month 
was as follows : — 



Jan. 


Feb. 


Mar. 


April. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Year. 


O'-l 


o^'-s 


o'*-? 


r-1 


r-8 


r-3 


r-2 


r-1 


O'^-S 


0°-4 


0''-2 


o^'-i 


0''7 



It would be an advantage to know how much grass should be put down to pro- 
tect the thermometer, and whether the plot should be a few feet or 10, 20, or 
30 feet square. At Qreenwich the earth thermometers were under a wooden 
shelter or box, and were close to an asphalt path. It would be interesting to 
compare observations from instruments placed below long grass and short grass, 
also between grass thickly sown and lightly sown, and between thickly shaded 
and lightly shaded places. Mr. Marriott exhibited some lantern slides showing 
the exposure of the earth thermometers at several of the Society's stations. 

Mr. B. Latham remarked that he also had buried a thermograph at 1 foot 
in the ground, but had registered a much greater range than Mr. Mawley ; the 
range for one week in August being 5^ It was difficult to get good results, for 
although the instrument had been covered over with a plank, and over this an 
oil-cloth, the air filled up the empty space between the surface and the instru- 
ment The thermograph showed that in August the highest temperature of the 
ground occurred about 6 p.m., and the lowest temperature about 8 ajn. For 
many years he had taken soil temperature observations, and had at work for 
over 20 years two registering thermometers which registered the maximum and 
minimum temperatures of the ground at 6 ins. in depth. On July 21 last a 
maximum temperature of ST'-l was registered, and a minimum temperature of 
72''*4, or a^ difference of 14°'7. It was an important thing to get earth tempera- 
ture observations ; but in his opinion it did not matter so much whether they 
were under grass or in bare soil, so long as the observations were regularly 
taken, and then they would be comparable from time to time. 

Mr. E. D. Archibald remarked that the earth thermometer shaded by leaves, 
according to Mr. Symons, read V lower than that under open ground. This 
appeared to tally with Dr. Femow's report on the results of thermometers 
suspended in the air in forests and those in the open. 

It would be interesting to have more extended experiments undertaken in a 
similar way with earth thermometers. 

It was possible that, apart from any immediate practical utility, such com- 
parisons would throw fresh light on the as yet obscure physical problems in 
connection with the relative absorption of solar heat by the surface of the earth 
and the lowest layers of air. He thought Mr. Mawley's observations were of 
great value, and suggested that, in order to have closer comparisons at rapidly 
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graduated depths, a shelf or row of shelves might be cut out of the ground, 
thermometers placed therein, and insulation and access afforded by a movable 
block of earth as a cover. 

Dr. R. H. Scott said that at the forest observing stations in Qermanj, such 
as those started by Prof. Ebermayer in Bavaria and by Prof. Miittrich in North 
Qermany, the system had been to establish pairs of stations, one in the forest 
and the other in adjacent cleared farm-land. At these stations comparative 
observations of, int^r alia, earth temperature were systematically carried out, and 
the results regularly printed. 

Mr. G. J. Symons, in reply, stated that he had attained his object in having 
placed upon record various remarks by the Fellows present - He had no inten- 
tion of teaching anything, and was glad to find that continuous observations of 
underground temperature had been started, and that more would follow. Mr. 
Marriott's figures at Norwood agreed very closely with what the paper indicated 
as probable, but threw little light upon tlie form of the daily curve 



Air Gnrrents in Thunderstorms. — It is well known that in general a 
thundercloud is fed by currents of air flowing toward its centre with a gentle 
ascending gradient that becomes very steep within the cloud itself. But the 
descending rain, both by cooling the air through which it falls and by driving 
it downward, causes an outward wind near the ground and near the centre of 
the thunderstorm. On August 5, 1899, Mr. Wm. A. Eddy, of Bayonne, NJ., 
sent up a small hot-air balloon at 4.15 p.m. as a heavy thunderstorm was 
approaching. After ascending vertically for 100 feet it was caught in the 
current that swept it toward the centre of the storm, and at the same time it 
rose until it was fully 2000 feet above the earth and finally penetrated the 
cloud with falling rain. It was then driven downward and backward until it 
reached a point on the earth quite near its starting-point Two other similar 
experiments with the same results had been made by Mr. Eddy on July 22 
and 27. 

This is an interesting method of studying the currents of air in the atmo- 
sphere. It may not be wholly new, but it is well worthy of frequent repetition. — 
U.S. Monthly Weather Review. 
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NOTE OF A EEMAEKABLE DUST HAZE EXPERIENCED 
AT TENERIFFE, CANARY ISLANDS, FEBRUARY 1898. 

By ROBERT H. SCOTT, D.Sc, F.RS. 

[Read December 20, 1899.] 

From February 16 to 19, 1898, there was a remarkable prevalence of 
fine dust in the air over the Canary Islands, and the following notes and 
observations of the phenomena, which were made by Mr. A Samler 
Brown near Santa Cruz, Teneriffe, on the southern side of the island, at 
25 feet above the sea, have been sent by him to the Meteorological Office. 
Since, however, these observations are an interesting and fairly 
complete record of the phenomena connected with the dust haze over 
the Atlantic, as observed at a single station, it seems desirable to place 
them within the reach of meteorologists generally, and the following 
note has accordingly been prepared. 

At the time in question the body of dust-laden air extended over a 
very large area. Thus, at 4 p.m. on February 17 the SS. La PlaUij 
outward bound to Brazil, being in lat. 29° 43' N, long. 15° 23' W., 
reports : " Thick fog of fine sand, ship coated with fine light brown sand " ; 
while at 8 a.m. on the same day, in approximately lat 6° 8' N, long. 
13° 14' W., the R.M.S. Norman reported "Hazy weather," and at 4 p.m. 
"Thick mist," both "haze" and "mist" being probably due to the 
presence of dust in the air. At 10 p.m., however, in about lat. 9° 22' N., 
long. 15° 22' W., there can be no question on the point, for the entry is 
made : " Air laden with fine dust" The consequent obscuration was so 
great that the lead was kept going all night 

How far the dust cloud extended across the Atlantic it is difficult to 
say, but at noon on the same day, in lat 24° 58' N., long. 24° 31' W., the 
ship Loch Torridon, bound to Adelaide, reported "Hazy on horizon," 
which may very likely have been the western edge of the cloud. 

For a distance, therefore, of some 1500 miles from north to south, 
with great extension to the westward, and probably also to the eastward, 
solid matter in a finely divided form was diffused through the atmosphere. 

The haze during this period was exceptionally dense — so much so that 
a German steamer, the Carl Woerman, was two days and three nights on 
the voyage from Teneriffe to Las Palmas, a distance she usually covered 
in five hours ; while the Tiniagd Castle of the Donald Currie Line was 
delayed for thirty hours, and the Roslin Castle^ homeward bound, had the 
dust so thick that for 900 miles the sun and stars were obscured and the 
ship was delayed two days.^ 

^ Capt. Moloney of the Briton states that he entered the dust storm about 80 miles 
south of Madeira, and was in it for a distance of between 1800 and 1900 miles. He was 
without observations for a distance of about 2000 miles, because not only was the weather 
thick, but the red particles of sand were as fine and light as air — ^so fine that it was im- 
possible to sweep them up on the ship. After being on the bridge for an hour and a half, 
the oflBcers' clothing was perfectly red. The weather was thick, night and day, and there 
waa no horizon, so that he had to go over 2000 miles on a dead reckoning. He did not 
emerge from the dust until getting between 400 and 500 miles south of Cape de Verde. 

The course of the Cape boats is too well known to need description. For determining 
the north and south boundaries of the dust storm the details given by Capt. Maloney seem 
the most definite. It is also of interest to know that the dust was so very fine all along the 

D 
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The preceding note has been drawn up by Mr. J. A. Curtis, 
RRMetSoc. 

Mr. Brown's memoranda are as follow : — 

February 14. — Sky clear, but view obstructed by the usual haze attending 
a South wind. The South wind (Viento del Sur, or Levante) is invariably 
accompanied by this haze. At such times the Peak is visible from all parts 
of the island, but would not be represented on a sensitised plate, even from 
a comparatively short distance. Such haze may perhaps always be accompanied 
by dust If so, the dust is not always perceptible. 

February 15. — About mid-day there was a slight shower of rain, evidently 
arising from abnormal conditions which I did not take sufficient notice of to 
describe. Daring the afternoon the wind rose almost to a gale, and during 
the night the alternate hot gusts (which shook the house) and calms were 
almost terrifying. During the night the sky became obscured. 

February 16. — Morning broke with a high white fog extending on all sides 
and obscuring the hills and sea. Objects at a greater distance than a mile 
could not be seen even indistinctly. As the day went on, the fog grew worse, 
until long before mid -day we could not see anything at all for a greater distance 
than 150 yards. Up till about 11 a.m. the sun could be seen like a white 
silver ball (or, according to the eyesight of others, of a greenish colour), but 
presently it disappeared altogether, and, except on one occasion for a few 
moments, we saw it no more for nearly two days- 

In the afternoon the wind had fallen entirely, and the waves, which were 
accompanied by a considerable ground swell, rolled out of nothing, as it were, 
and burst upon the beach. The horizon at this time was very limited. 

By the evening the descent of a fine dust became very noticeable — at first 
white, and then, when a certain quantity had accumulated, of a sandy red 
colour. Everything, inside the house and out, was covered ; and, if a looking- 
glass were cleaned, you could write your name upon it in less than half-an-hour's 
time. 

At 8.30 p.m. I collected some dust on a piece of clean paper covered with 
white of egg. The breeze at the time was slight, all traffic was suspended, 
and the only foreign substances which may have reached the paper were insects 
such as moths and gnats, and possibly some pollen from an Austrian pine. 
Many of the insects were of species not commonly found on the islands. 

During the evening and night there was a strong smell as of a smoking 
lamp or burning candle grease. My wife and I, on separate occasions, 
and without reference to each other, went round the house to try and discover 
the cause. 

The observations during the evening were : — 

Barometer, 
ins. 
5.30 p.m. . . . 30-09 
7.30 p.m. . . 3010 

9 p.m. . . 3010 

10.15 p.m. . . . 30*10 

The minimum temperature during the night (16th-l7th) was 61". 

February 17. — The morning broke with the fog thicker than the day before, 
and almost windless. The dust still appeared white, but was now thick enough 
to alter the appearance of the landscape still to be seen — trees, flowers, rocks, 
leaves, etc. appearing dull in colour, but not losing their hues entirely. 

course kept. I was led to believe that it was much coarser nearer the African coast. 
Indeed, one captain told me that he threw it overboard by the shovelful, but a friend told 
me that in Bathurst, River Gambia, it was very fine. — A. S. Brown. 
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During part of the morning the fog cleared a little, and the 8un could be 
seen. Later on it thickened again, but cleared by 10 pjn. enough to render 
a few stare visible. 

The dust fell so straight that articles were stencilled out on the furniture ; 
a comb^ for instance, being reproduced as it would be by direct sunlight upon 
sensitised paper, with unblurred edges. If a looking-glass were cleaned and 
turned face upwards, in half-an-hour's time it was possible to collect, with 
one sweep of a piece of cotton wool, enough dust to show the colour, which 
was of a reddish yellow. 

The number of moths about was so great that in Santa Cruz, at a place 
where the electric light fell on a white wall, the surface of the wall was speckled 
with them. Afterwards I found a mole -cricket in the garden, which it is 
practically certain was carried there by the storm. I also caught a large moth 
on the roof, which unfortunately I released. The fact that it made a sort of 
barking noise, audible at twenty yards' distance, may help to locate the centre 
of the storm area, if the species can be identified by this fact 



3 a.m. 
8.15 a.m. 

3 p.m. 

4 p.m. 
7 p.m. 
9 p.m. 
11.30 p.m. 

Minimum temperature during the night (17th-18th), 59''3. 

February 18. — Morning brighter, dust still falling, but smell of burning less 
perceptible. About 10 a.m. the sun cast a shadow for the first time since the 
arrival of the fog. It then disappeared, but as clouds became partially visible it 
is probable that it was not hidden by the fog itself. After mid-day, however, 
the fog did thicken again, being much denser than when the stars were visible 
the night before. At 10 p.m. no stars could be seen. 

Barometer, 
ins. 

9 a.m. . 30*13 

10 a.m. . . 30-13 
4 p.m. . . 30*13 
6.80 p.m. . . . 30*10 

Minimum temperature during night (18th-19th), 57" "5. 

February 19. — Much clearer ; hills three miles away visible, but still hazy. 
By mid-day the sun was shining brightly, and as the evening went on the fog 
entirely disappeared, the sky being partially clouded. 
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Minimum temperature during night 


(18th-20th), 58'. 


Maximum on 


19th, 69". 










February 20.— The 


morning was quite clear, and the weather had become 


normal 
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At 9.30 p.m. a few drops of rain fell. Maximum temperature, 68°. 
Minimum during night (20tli-2l8t), 54''*5. 

February 21. — Morning bright and very clear. Sun very hot Grand 
Canary, 50 miles distant, very clearly visible. Cumuli clouds. 





Barometer. 


Dry.bulb. 


Wet-bulb. 


Rel. Horn. 


10.30 a.m. . 
2.46 p.m. . 


ins. 
. 30-17 
. 30-11 


67-0 


64-5 
56-3 


Is 

47 



[Note.— I see that Mr. Perry of Puerto OrOtava says that the sun was bhie. Curiously 
enough, two observers in Madeira persist in declaring that it was red, as is the case in a 
London fog. 

It may interest readers to know that the ss. Flachat was wrecked on Anaga Point, 
Teneriffe, the night before the fog (February 15-16), and that many of the survivors, who 
managed to clamber up the rocks, were lost in the mountains for some days. The death-like 
stillness and the uncanny state of the atmosphere during this period, following on the alarm 
of the wreck, was a most terrifying experience to these unfortunate people. — A. S. Brown.] 

Three specimens of the dust were collected by Mr. Brown, and accom- 
pany his original notes. 

Mr. Alfred Perry, of Siti6 de Cullen, Puerto Orotava, has kept a 
Meteorological Register for many years, and the following extracts from 
his Reports will be of interest : — 

Meteorological Observations at Puerto Orotava, Teneripfe, 

February 14-20, 1898. 

64 Feet above Mean Sea-Level. 



Day. 


Barometer 










Humidity. 


Mean Sea-LeveL 




Dep.ofWet. ^^^P^^^'J*"' 


Percentage. 


9 a.m. 


9p.m. 


9a.m. 


9p.m. 


Min. 


Max. 


9a.m. 


9P.m. 


9a.m. 


9p.m. 


9a.m. 


9 p.m. 


14 
15 
16 

17 
18 

19 
20 


ins. 
30-23 

29.96 
30.09 
30.10 
3009 
30.16 


ins. 

30.19 

30.05 

3001 

3008 

30.09 

30-15 

30-14 


63-6 
600 
66.0 
63-0 

63-7 
625 
648 


59.0 

633 
63-0 
60.3 
60.8 
60.3 
59.1 


57-2 
57-3 

58-9 

57-3 
58.0 

55-4 
53-2 


67.7 

67-3 
688 
650 
67.4 
69.6 
70.0 




4-8 
12.2 

3-4 
4.0 

5-3 
6.1 



22 
2-0 

3-9 
3-5 
2-5 
40 
4-2 


in. 
•485 
•374 
.288 
.462 
•457 
•399 
•413 


in. 
•430 

.446 

•413 
.452 
•399 
•376 


44 
80 

77 
70 
68 


88 

77 
75 
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14 


NE 
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8 
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.06 


0* in night 


IS 


S 


I 


NE 5 


10 


10 




0** in night and during day. 
Strong "South" weather. 
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10 
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See below. 
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so thick. 


19 


S 


I 


NE I 


4 


4 




= cleared at noon. 
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Great visibility. 



17M.— A dust haze amounting to fog. Dust fell very heavily. It was a very fine brown dust. 
The sun was also a perfect blue balL 
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THE CLIMATIC CONDITIONS NECESSARY FOR THE 
PROPAGATION AND SPREAD OF PLAGUE. 

By BALDWIN LATHAM, M.In8t.C.E., M.In8t.M.K, F.G.S., F.S.S., 
F.R.MetSoc,, F.S.L, etc. 

(Plate I.) 

[Read December 20, 1899.] 

The outbreak of bubonic plague which occurred in Hong-Kong in 1894 
and in India in 1896, its continuance in these places, and its spread 
to other localities, even into Europe, show how necessary it is that the 
climatic conditions necessary for the development and the abatement of 
the plague should be thoroughly examined. 

Plague is a very ancient disease, and past experience shows that it is 
the most fatal of all epidemic diseases. For a period of probably over 
1300 years, plague at times used to ravage this country. The last 
recorded indigenous deaths from plague in London occurred in the year 
1697 ; and in the year 1704 plague as a cause of death was removed from 
the London bills of mortality. In the year 1720 the city of Marseilles 
was grievously afflicted with plague, and lost by that outbreak, it is stated, 
60,000 of its inhabitants. Plague also affected Toulon, Aix, and Aries in 
1720. It is calculated that one-third of the population in those places 
died, and that in the district of Provence, out of a population of 247,899, 
there were 87,659 who died of plague.^ The plague, it is reported, left 
Europe in the year 1841, and has not been since recorded until its recent 
return to Oporto in the present year. Like cholera, enteric or typhoid 
fever, yellow fever, and some other diseases, it has been looked upon as a 
soil poison, or a poison which evidently undergoes preparation in the soil 
to fit it for its deadly course. 

Dr. Pariset^ a French doctor, expounded the view that plague was 
due to a soil poison generated from decomposing bodies in a soil periodi- 
cally saturated with water ; and Dr. Charles Creighton gives numerous 
examples of a similar state of things in his work A History of Epidemics 
in Britain, 

It may be taken for granted that the bubonic plague is primarily due 
to a specific organism or microbe of infinitesimal size — so small that 
probably 250 millions of them would be required to cover a square inch 
of surface ; and they are so light as to be easily carried by the air or 
vapour of water. The cause of plague being due to living organisms is 
clearly set out in the writings at the time of the Great Plague of London ; 
for the City Eemembrancer (which is said to be the notes of Dr. Gideon 
Harvey, His Majesty's Physician to the Tower, who lived in the time 
of the Great Plague, and was Physician in Ordinary to Charles II. in his 
exile) mentions 2: — 

^ Bascome's History of Epidemic Pestilences, p. 122. 
* CHty Remembrancer, vol. I pp. 128-129. 
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*' There is great reason to believe that most epidemical distempers mankind is 
subject to proceed from poisonous insects of that extraordinary smallnesa that 
they are not to be discovered by the naked eye ; so light that they float in the 
air, and so are sucked into the stomach by the breath ; such insects not being 
among us commonly, but only when they are brought to us from some remote 
place by the wind, or in goods hatched or nourished by some intemperance of 
the air, or from poisonous vapours rising from bogs, ponds, ditches, or some such 
unwholesome funds of stagnated water." 

That plague is conveyed by human intercourse and in other ways, 
there can be no doubt ; and there can also be little doubt that it is in- 
fectious and contagious, and that it is greatly influenced by pestUential 
emanations from polluted and water-logged soils. Dr. Kugoel is quoted, 
in a publication by the Grovernment of India on the plague in India, to 
say of the plague, that a **fomite without pestilential atmosphere is 
insufficient for the production of the disease, which atmosphere approaches 
by slow, silent and imperceptible degrees, no human barrier being able to 
oppose its progress." ^ 

Plague is produced by a combination of circumstances or conditions, 
the first being the presence of the germ, and the second the conditions 
necessary for its development and distribution. In districts in which the 
conditions for its development and conveyance are absent, the disease can 
make no headway. The conditions in which plague germs live and die 
appear to be local and controllable. 

'* The plague is reckoned an exotic disease, never bred in England, 
always imported, particularly from the Levant, the coasts of Africa, the 
lesser Egypt^ etc., where it is familiar." ^ 

In every country, the period of the year or the season has an influence 
in staying or in promoting and spreading the ravages of the disease. The 
contagious principle is exhaled in greater quantity and is more virulent 
under certain meteorological conditions which seem to be ascertainable. 

The fact of simple contagion or infection will not explain the 
propagation of epidemics. This was clearly pointed out by the late Dr. 
Farr,* where he mentions that "the facilities of intercourse, and the 
frequency of contact with the sick, are not greater when the disease is 
increasing, or is at its height, than when it is stationary or declining." 

Sydenham says : " The particular seasons of the year which favour 
particular complaints are carefully to be observed. I am ready to grant 
that many diseases are good for all seasons. On the other hand, there is 
an equal number that^ through some mysterious instinct of nature, follow 
the seasons as truly as plants and birds of passage." ^ 

Speaking of plague, the same author said : — 

" If the changes and the seasons of the year had nothing to do with the 
character of the disease in question — if the pestilential virus, unmodified by 
atmospheric variations, were transmitted from man to man by a continuous 
series of propagations, it would of necessity follow that, from the very moment 
that the plague had found its way into some populous city, deaths would succeed 
deaths in one continuous and indefinite series, until at last no one would be left 
upon whom the murderous miasma might fasten itself. But it has been 

^ Oovemment of India — Plagve in Indta^ 1896, 1897, R. Nathan, voL ii. p. 76. 

^ T?ie City Remembrancer^ vol. L pp. 32-33. 

' Second Annual Report of Registrar-Oeneral, p. 94. 

* Works qf Thomas Sydenham, j vol. 1. pp. 14-16. 



LATHAM— CLIMATIC CONDITIONS AND SPREAD OF PLAGUE 39 

obeerved that the contrary to this has often taken place. The number of dead 
that in the single month of September amounted to some thousands, by the end 
of November diminished and was reduced to almost nothing." ^ 

The conditions that lead to the rise and fall of the plague in any country 
in which it has established itself show such a marked periodicity that it 
cannot be accounted for on any supposition of infection or contagion; 
but while it is admitted that plague is due to a specific microbe, it 
cannot spread except under certain meteorological conditions associated 
with the conditions of the ground, which must be in such a state as 
to exhale what is necessary for the propagation and spread of this 
particular disease. 

Certain conditions of the soil and the water in the soil are necessary 
for the development of plague and other diseases, such as a high degree of 
pollution combined with certain hygrometric conditions. Some authorities 
are of opinion that it is greatly augmented by a cadaverous poison ^ in 
the soil, due to the presence of dead bodies and to refuse from slaughter- 
houses. Plague, like most soil poisons, may be disseminated in various 
ways, by air, water, food, or by direct inoculation ; but certain climatic con- 
ditions are necessary for its development and spread as an epidemic, as 
will be clearly shown. If any one of the conditions necessary for its 
development is absent, the disease cannot become epidemic or even 
spread to a great extent In the supplement to the Ninth Report of 
the Local Government Board, quoting the paper of Surgeon-General Francis, 
it is stated that "the concurrent existence of these several epidemics 
seems to show that the general meteorological conditions were such as 
to call into action the operation of influences peculiar to each locality : 
malarious fevers in one, yellow fever in another, typhus in a third, and 
plague in a fourth." 

Plague is undoubtedly a disease of the poor, and attacks most readily 
those living on a low diet. This was observed by the medical writers 
who lived in the time of the Great Plague of 1665 ; and Dr. Nath. 
Hodges, who wrote on the plague, points out that there is an affinity 
between the plague and the scurvy, a disease which is known to be 
greatly influenced by diet, as he says : " The affinity between a pestilence 
and a scurvy is not a slight and supposititious conjecture." ^ 

It has been observed that plague will destroy a vast number of 

persons in a certain season, and at another time will only seize here and 

there a person and go no further. It will also be noted that the deaths 

from plague, remittent fever, and diseases of the respiratory system, 

other than phthisis, and phthisis itself, follow each other in parallel 

lines. The sanitary measures which have been carried out in places 

like Bombay, and which appear to have had no efiect whatever on the 

three epidemics which have already occurred, will sooner or later, if 

persevered in, influence the result, as it takes years for the pure rain 

from heaven to wash the soil to the great depths to which it has been 

polluted in such cities. Unfortunately, throughout India, there have 

been no percolation experiments made, with the view of determining 

what proportion of the rain which falls really passes through the soil. 

* Works of Thomas Sydenham, vol. i. pp. 100-101. 

* A History of Epidemics in Britain, by Dr. Creighton, vol. i. p. 162. 

' Loinwlogia, p. 80. 
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This is a point of the utmost importance to be observed in all countries, 
especially in those subject to malarial fevers and other epidemic diseases.' 

The regular periodicity of plague is one of its marked features ; that 
is, in a particular country, it usually rises to its height at a particular 
period of the year^ and always at the same period in the same place ; 
and in different countries the period when this maximum of the disease 
is reached differs considerably. This is a fact which appears to have 
been well known at the time of the Great Plague, for in the City 
Remembrancer it is stated that : *' The plague annually visits some nations, 
but the time of its first appearance differs in proportion to their distance 
from the Equator; those who are most remote have it latest, and are 
most free, because the cold air, which abounds with nitre, will always 
check its fury ; those nearer have it longer, because the heat and 
moisture continue many more months.''^ If it had been added that 
the elevation of a place, which affects its temperature, also influenced 
plague, it also would have been a correct statement to make, as 
the mean temperature of places diminishes as they recede northward 
or southward from the Equator, and also with the elevation above the 
sea-level ; moreover, the temperature of the ground, which will be shown 
to be a most material agency in the propagation and diffusion of plague, 
is also governed by the geographical position of the place. It should 
be said, however, that the early writers on the plague had observed 
the fact that houses in valleys are much more liable to contagion than 
those situated upon eminences.^ 

The same author has also drawn attention to the immunity of foreigners 
in India to the attacks of the plague, for he says : — 

" It is a common observation, that famine is often succeeded by pestilence ; 
and that this calamity generally begins among the poor, whose food is the worst. 
Indeed,' it has hardly been ever known when the distemper did not begin 
among the poor." — " Surat, in the East Indies, is seldom free from plague, yet 
foreigners who trade there are in no danger. The inhabitants neither eat 
flesh nor drink wine, live very poorly, on herbs, rice, water, etc This fare, 
with the heat of the climate, makes them liable to malignant distempers, from 
which those who feed well are more secure." * 

This statement is exactly in accord with the modem experience in the 
recent outbreaks of plague in Hong-Kong and in India. 

The marked periodicity of plague is so striking, and the evidence of 
this periodicity recurring regularly is so abundant, that the disease must 
be due to some specific cause which enables its incidence to rise and 
fall at regular times. When this country was subject to epidemics of 
plague, it usually arrived at its maximum destructive power about the 
months of August or September. In Bombay, the three epidemics 
which have occurred in the last three years show that the disease 
arrived at its maximum destructive power in the months of February 
or March. As an example, which can be multiplied to any extent, I 
may say that the first bill of mortality extant in this country is that 
for London for the year 1563, which will be found in Stowe's Memoranda^ 

^ The author has repeatedly drawn the attention of engineers in Imlia at the time of his in- 
spections to the importance of having percolating gauges set up, but hitherto without success. 
^ City Reiiiembrancery vol. i. p. 82. ' Ihid., vol. i. p. 90. * Ibid., vol. L pp. 84-85. 
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published by the Camden Society. In that year the maximum number 
of deaths are reported to have taken place in the week ending October 1, 
when 1828 deatiis occurred from plague. This time, having regard to the 
alteration in the Calendar, would now be represented by the middle 
of October. The average weekly mortalities were more in September than 
in October, namely 1351 in September, and 1165 in October. The follow- 
ing figures give the deaths from plague in London in this outbreak : — 



] 


^0. of Deaths. 




No. of Deaths. 


1563 June 


22 


1564 January . 


24 


„ Jaiy . 


112 


,, February 


19 


„ August . 


696 


„ March . 


6 


,, September 


1351 


,, April 


4 


„ October . 


1165 


„ May 


3 


,, November 


863 


,, June 


2 


,, December 


184 







The next bills of mortality, which are extant, are in the Marquis of 
Salisbury's Library at Hatfield, and are for the years 1578 to 1582. 
Prom these it appears that in 1578, according to present reckoning, the 
disease was at its highest at the end of September; in 1579 at the end 
of August; in 1580 in the middle of June, but the attack was very 
slight in this particular year; in 1581 in the middle of September; and 
in 1582 in the middle of October. The details of these bills are given in 
Dr. Creighton's History of Epidemics in Britain,^ A collection of the 
London bills of mortality, commencing with the year 1592, and containing 
bills for several of the epidemic years of plague, has been published, from 
which it will be seen that the incidence of the disease was the same in 
all the great outbreaks.^ 

In the Health of Towns Commission Report, vol. i. p. 262, the mortality 
from plague in seventeen parishes of York is given for the year 1604, 
and is as follows : — 





No. of Deaths. 




No. of Deaths. 


June 


53 


October . 


. 115 


July . . 


. 249 


November 


93 


August . 


. 638 


December 


45 


September 


. 793 







It is shown that the sweating sickness of 1551 and the cholera of 1832 
had nearly the same incidence in York as the plague of 1604. 

In the Great Plague of London of 1665, the largest number of plague 
burials occurred about the beginning of September, according to our 
reckoning of time, when 7165 deaths are recorded in one week; but we 
know that these figures in the bills of mortality do not express the full 
force with which this disease visited London. The following figures give 
the average weekly deaths from plague in London for the year 1665 : — 



January . 





July 


. 1032 


February 


i 


August . 


. 3809 


March . 





September 


. 6558 


April 


i 


October . 


. 2875 


May 


9 


November 


. 862 


June 


. 148 


December 


. 244 



The disease appears to have commenced in May, to have risen rapidly in 
June, July, and August, and subsided from October to the end of the year. 

^ History of Epidemics in Britain^ vol. i. pp. 841-344. 
' A collection of the yearly Bills of Mortality for London, published in 1759. 
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In Colchester, in 1665, the plague arrived at its maximum near the 
end of September, when the maximum deaths wete about 143 per week, 
and declined to 29 per week in the following January, after which the 
disease again increased and reached its maximum of 153 per week in 
July 1666, and fell early in December to an average of 1 per week. 

In Marseilles, in the great epidemic of 1720, it was reported in May 
that plague was rife in Palestine and Syria. Before the end of June 
ships had arrived from those countries at Marseilles, and several deaths 
had occurred amongst those connected with the shipping from those parts. 
It was not until July 9, however, that an indigenous case of plague was 
discovered in the city, from which time the pestilence spread with such 
great rapidity, that on August 23 it was stated that a thousand persons 
died per day, and that on the 28th of that month the plague had re- 
doubled its ravages. From that time the plague began to decline ; 
early in October it was reported that several persons in the hospitals had 
recovered from the plague — which appears to have been unusual in that 
outbreak — and by December there were no fresh plague cases. 

In Bombay City, in the first epidemic, the largest number of pk^e 
deaths, 845, is reported to have occurred in the week ending Feb. 16, 1897. 

In the second epidemic in 1898, the largest number of plague deaths 
occurred in the week ending March 8, when there were 1283 deaths. 

In the third epidemic, the largest number of plague deaths occiirred 
in the week ending March 21, 1899, when there were 1128 deaths.^ 

There was an increase in the general death-rate in deaths from 
remittent fever and deaths from respiratory diseases, other than phthisis ; 
and in August, September, and October 1898 there was a similar 
recrudescence of disease. It will be hereafter seen that the climatic 
conditions accompanying these recurrences are the same as occur in the 
general outbreaks of the plague epidemics. 

It should be noted that after the commencement of the plague there 
was a considerable exodus of the population from the city of Bombay, 
and this has lessened the mortality ; for it was estimated that in February 
1897 the population of the city did not exceed 450,000, whereas the 
population at the census of 1891 was 821,764. At the present time 
the population is very much over-estimated, thereby making the city 
apparently much healthier than it really is. 

In the supplement to the Ninth Report of the Local Government Board 
there is an extract from Surgeon A. R. Lynch's journal for HJM.S. 
MosguitOy on the China Station, 1879, in which he says, referring to the 
plague endemic at Pakhoi : " The disease first makes its appearance in 
the month of May, and continues till September. It is always preceded 
by a similar epidemic among the lower animals, and the general opinion 
of the Chinese is, that it is due to some heavy earthy effluvia, which 
attacks animals inversely as their respiratory organs are elevated from the 
ground. Thus rats are first impregnated with the poison, then pigs, 
dogs, cattle, and ponies. This preliminary illness among the lower 
animals is so premonitory, that all who can afford to leave look on it as 
a warning for them to change their residence." ^ 

^ In 1900 the largest number of weekly plague deaths was 780, which occurred in the 
week ending 20th March. 

' SupplemerU to Ninth Report of Local Oovemment Board, p. 48. 
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The following table ^ will show the average weekly births and deaths 
in Bombay City from September 1896 to the present time : — 



Average Weekly Births and Deaths, City of Bombay. 


M{>HTH& 


Births.* 


Toml. 


Deaths. 


Remittent 
Fever. 
DeaiKs. 


Respira- 
tory 

Deaths. 


IS96 












September .... 


337 


649 


IS 


"57 


91 


October . . . , 


391 


6S3 


77 


164 


1 02 


November . , . , 


26g 


6S9 


64 


ig 


112 


December , . . . 


326 


I3S0 


222 


156 


1S97 












January .... 


17? 


1707 


400 


406 


252 


February 










76 


1736+ 


721 


341 


203 


March 










78 


1270 


543 


301 


116 


AprQ. 










90 


S71 


32' 


99 


104 


May . 










130 


S7I 


91 


61 


93 


June . 










217 


SJ3 


25 


70 


95 










216 


644 


9 


100 


113 


August 










321 


939 


17 


"43 


147 


September 










309 


SSI 


39 


MO 


»52 


October 










230 


764 


41 


109 


138 


November 










244 


706 


56 


76 


136 


December 










363 


s=s 


J 34 


76 


"37 


1898 












January . . , . 


280 


1409 


' SS9 


fir 


228 


Februaiy 










214' 


2027 


1095 


Si 


M5 


Marcb 










146 


2I2J + 


^US 


96 


26S 


AprQ . 
May . 










I3S 


12$S 
6S7 


556 
J 39 


74 
63 


192 
"3° 


June . 










494 


^^ 


61 


94 


Juij . 










198 


529 


53 


100 


August 










233 


71S 


114 


5S 


1 28 


September 










354 


H26 


ISS 


76 


13S 


October 










2Si 


m 


tS6 


72 


140 


November 










MJ 


62s 


5S 


65 


127 


Deceml>er 










270 


727 


97 


S3 


144 


189^ 












January . ► . , 


2aS 


12S9 


336 


93 


226 


February . 










Ig2 


1894 


losl 


"32 


28S 


March 










176 


236ot 


161 


266 


April . 
Miy , 












1629 
97S 


^33 

M7 1 


107 
S3 i 


17S 
134 


June . 










146 


563 


56 


46 


107 


July . 










1S0 


542 


57 


4t 


S3 


Augusi 










213 


6SJ ; 


74 ; 


55 


99 


September . 










226 


667 


90 


66 1 


96 


October 










24S 


780 


100 


93 


131 


November . 










229 


S69 


T02 


96 


t6o 


December .... 


2S0 


13*1 


214 


13S 


777 



• The birLb^ before ihc pbguc made its appearance in Bombay averaged over 300 per week ; during 
tbe ycu i&g^ ibey averaged 196 per week, indicating a very much smaller population at the reproductive 

****■ 

t The period of oiajiinium deaths in the epidemic of 1899-1900 occurred in the week ending 27th Feb- 
nufy, when ^^^t deaths were recorded. 

This table has been principally derived from the published statements recorded in the 
ive«kly uwam {if the Times of India and Bombay Oazette, as I have been unable to get the 
information from the local authorities of Bombay City, although I have made repeated 
application. The attention of Lieut-Col. T. S. Weir, Medical Officer of Health of the City 
of Bombay, was drawn to the purport of this paper so long since as March 1898. 
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The death of the rats from the plague is one of the signs that they 
get their infection from the soil, as they have the greatest opportunity of 
getting directly the contagion, from their habit of life, burrowing as they 
do in the soil in the places afBicted with plague. It has been observed 
both in Hong-Kong, Bombay, and other places, that dead rats are 
invariably found before a general outbreak of plague, and in this respect 
the information they convey does not differ from that which has been 
known centuries ago with regard to the outbreak of plague in other 
places. 

In the Farliameniary Paper for August 1894, it is stated that "in 
Dr. Sharp Deane's report on the health of Pakhoi I observe the following 
statement: 'The Chinese are of opinion that the bubonic plague 
emanates from the ground, and is favoured by a long continuance of dry 
weather, when the earth becomes porous and numerous fissures appear 
on the surface, facilitating the escape of whatever causes the disease.' " ^ 

Skene, in his Edinburgh Essay on Plague^ in 1568, gives as a sign of 
impending plague " the moles and serpents leaving their holes, as when 
the moudewart and serpent leavis the eird beand molestit be the 
vapore contenit within the bowells of the samin.*' He adds : ** If the 
domesticall fowls become pestilential, it is ane signe of maist dangerous 
pest to follow.'' 2 

Thomas Lodge, who wrote upon the London plague of 1603, says: 
"And when as rats, monies, and other creatures (accustomed to live 
underground) forsake their holes and habitations, it is a token of 
corruption in the same, by reason that such sorts of creatures forsake 
their wonted places of aboade." ^ 

Dr. Hodges, who lived in the time of the Great Plague of 1666, says : 
" That subterraneous animals such as moles, mice, serpents, conies, foxes, 
etc., as conscious of approaching mischief, leave their burrows and lie 
open in the air, which is also a certain sign of a pestilence at hand." * 

Pere Fenouil, missionary of Yunnan, says, "that not only human 
beings, but domestic animals and even rats are attacked by the pestilence,'' 
and that " the plague is really a pestilential emanation slowly rising in 
an equable stratum from the ground, and as it increases in depth all 
animals are, as it were, drowned in its poisonous flood.^ 

In the City Bememhrancer it is stated that "Mr. Boyle attributes 
plague principally to the effluvia or exhalations from noxious minerals " ^ ; 
and Sydenham says, with regard to epidemic diseases: "There are 
different conditions in different years. They originate neither in their 
heat nor in their cold, their wet or their drought ; but they depend upon 
certain hidden and inexplicable changes within the bowels of the earth. 
By the efiluvia from these the atmosphere becomes contaminate, and the 
bodies of men are predisposed and determined, as the case may be, to 
this or that complaint." ^ 

^ Parliamentary Paper, C7545, Aug. 1894, p. 5. 

2 A History of Epidemics in Britain, by Charles Creigbton, M.A., M.D., vol. L 
p. 173, footnote. 

' A History qf Epidemics in Britain, by Charles Creigbton, M.A., M.D., vol. L p. 173. 

* Lcdmologia, p. 42. 

" Parliamentary Paper on Plague, 1879, C2262. 

* City Remembrancer, vol. i. p. 95. 

' Works qf Thomas Sydenham, Sydenham Society, vol. i. pp. 33, 34. 
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The conditions which are conducive to the spread of plague are 
identical with those which give rise to the escape of malaria from the 
ground; and the ground itself exercises an enormous influence upon 
plague, as will be noted by the fact that in all the epidemics persons 
living on the ground floors sufler to a much greater extent than those 
who live in the higher stories of the houses ; but not only so, but the 
rate of mortality appears to be greater amongst those living on the 
ground floors than it is with those living at an elevation above the 
ground. 

Sir John Pringle, Bart., a former President of the Koyal Society, 
observes exactly the same conditions with reference to the outbreaks of 
remittent fevers in the army in the Low Countries ; and it is curious 
that it appears that malaria never rises from a water surface, for it 
does not begin to spread until the water disappears. So with plague ; 
in the midst of wastes which are always water-logged so that the water is 
always present, plague, although imported, is not spread. This immunity 
from plague is also clearly shown by the escape from the disease of 
those living over water, both in the great epidemic of 1665 in London, 
and also more recently in Bombay. 

Water is a germicide for the bacillus of plague and most other of the 
soil poisons. This is shown in the report on the plague of India, wherein 
it is stated that '* it has been seen that under ordinary conditions the 
bacillus appears to die rapidly in water.^ 

It appears that the docks at Bombay were filled with ships during 
the time of the plague, which was extremely rife in the district in close 
proximity to them. Dr. Thomas Blaney says : " It is indeed a remark- 
able fact that while plague raged all over Mandvi district, the crews 
of the ships in the docks remained uninfected during both epidemics, 
while the distance between the shore residents and the ships was well 
within striking distance of infection. It may be mentioned that the 
crews of the ships in the docks were largely composed of Mahomedans 
and Portuguese, classes very susceptible to plague infection, and not 
wholly of Europeans or " immune persons." ^ 

It has also been shown that on infected vessels having a most in- 
sanitary and dirty people on board two cases of plague occurred at sea 
after inspection before departure, but the disease did not spread. In no 
instance did the disease appear amongst those who remained on vessels, 
even in cases where persons had been removed and afterwards developed 
plague. "It would seem that the circumstances of a sea voyage are 
inimical to the plague microbe." ^ 

In the Great Plague of London in 1665 "many merchants, ship- 
owners, and the like, locked themselves up and lived close shut up on 
ship-board supplied with provisions from Greenwich, Woolwich, and 
single farmhouses on the Kentish side. It was surprising to see several 
hundred sail of ships which lay in rows of two and two, and some places 
three such lines in the breadth of the Thames, from Ratcliff and Eother- 
hithe, as far as Gravesend, and some beyond, even in every place where 
they could ride with safety as to wind and weather. Nor was it heard 

^ Oovemment of India— The Plague in Indian 1896-97 R, Nathan, vol. i. p. 51. 

2 The Times of India, February 18, 1899, p. 153. 

3 Government qf India— The Plague in India, 1896-97, R. Nathan, vol. iil pp. 346, 347. 
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that the plague reached any of the ships below Deptford^ though the 
people went frequently on shore to the country towns, villages, and farm- 
houses to buy fresh provisions. More than 10,000 people who attended 
ship affairs were sheltered here from the contagion." ^ 

It is also stated, that in the time of the great epidemic of plague in 
London, "watermen and others whose occasions employed them much 
upon the river, and in the cold, suffered least in the late sickness." ^ 

It is also noted with reference to the same epidemic, that " notwith- 
standing the violence of the plague in London and many other places, it 
never was on board the fleet ; and yet there was a strong press in the 
river, and even in the streets, for seamen. A war with the Dutch was not 
very grateful to the people, the seamen went with reluctancy, and many 
complained of being dragged away by force; yet it proved a happy 
violence to many, who would probably have increased the general calamity, 
many of their families having fallen in the common and dreadfiil 
desolation." * 

In 1748, during the campaign in Dutch Brabant, inundations had 
been made about the fortified towns, but on the preliminaries of peace 
being signed the water was drained off at the beginning of summer, the 
result being that sickness " raged at Breda and in the neighbouring 
villages." The States of Holland " gave orders to let in the water again, 
and to keep it up till winter, as a means of stopping the disease." ^ 

It is also known that during the period of plague affecting Eg3rpt 
that the rise of the Nile checked it. It is stated that at Cairo '* the 
plague every year constantly preys upon the inhabitants, and is only 
stopped when the Nile, by overflowing, washes away this load of filth ; 
the cold winds, which set in at the same time, lending their assistance 
by purifying the air." ^ 

The experience also in China, where plague is more or less endemic, 
shows that the rainy season usually puts a stop to it. It is stated : 
" As a rule, the summer rains, by washing the streets, put an end to the 
plague for the year." ® 

It will be seen, from the experience extending over all the epidemics 
of plague, that plague itself is not propagated over a water surface, but 
the whole of the outbreaks occur over land areas. 

It should be observed, with reference to the floors of the houses of 
the lower classes in India, who are the class most afflicted with plague, 
that these floors are the natural earth usually covered with a mixture of 
mud and cow dung. It has been calculated that the quantity of cow 
dung as applied to the floors of the houses in India is at the rate of about 
1100 cwts. per acre per annum, while the usual rate of application for 
the cultivation of market gardens is about 1 20 cwts. per acre per annum. 

" Among the reasons that Erasmus gives why the English were so 
subject to the plague is the following : Their floors are usually made of 
clay covered with rushes that grow in the fens, which are so slightly 
renewed now and then that the lower part remains sometimes for twenty 

^ City Remembrancer, vol. i. p. 363. 

' Loimologiaj " Essay on Causes of Pestilential Diseases," by John Quincy, M.D., p. 278. 

^ Oiiy Remembrancer, vol. i. p. 437. 

* Observations on the Diseases of the Army, Sir John Pringle, Bart., p. 62. 

* City Remembrancer, vol. i. p 87. 

* Parliamentary Paper C7461, July 13, 1894, p. 14. 
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years together, and in it a collection of spittle, vomit, urine of dogs and 
men, scraps of fish, and other filthiness not to be named, hence upon 
change of weather a vapour is exhaled very pernicious to the human 
body; and salt fish is the common and favourite food of the 
poor." 1 

It has been observed in the recent plague epidemics in China that 
the inhabitants of houses with paved floors suffered considerably less 
from plague than those with earthen floors.^ 

Some persons at the present time attribute the cause of plague to the 
presence of rats, and that the bacillus of plague is indigenous to rats, 
and is communicated by rats to human beings. It has been already 
observed that in all epidemics rats, amongst other animals, have been 
shown from the remotest periods to have been subject to plague ; and it 
is well known that the death of rats has preceded the outbreak of plague 
among human beings; but it appears that the attributing of plague 
epidemics to rats is mistaking the effect for the cause. That rats are 
subject to plague there cannot be a doubt, but that they themselves are 
the cause of plague is extremely doubtful ; they may no doubt be made 
the means of spreading and implanting the bacillus in the soil, which 
appears necessary for the propagation of plague. On this Dr. M'Candless 
of Hoihow says : " Through the agency of infected rats or human beings, 
and even cats and pigs, the disease can become lodged in a house, in the 
ground or perhaps in a drain, and the poison continue active until the 
plague cultures run their course or die out." ^ 

It will be noted with reference to the course which plague takes, that 
its marked periodicity would not appear to be due to any particular 
contagion, as has been already pointed out : that the contagion or 
transmission of disease by rats cannot account for the regular course of 
the plague rising and falling in each country attacked in the same period 
in every year, while the periods differ in different countries. This 
question of rats being the cause of plague has received investigation at 
the hands of Dr. Thomas Blaney ^ of Bombay, who has pointed out, first 
with reference to the shipping in the docks at Bombay, which were in 
direct communication with the particular neighbourhood which suffered 
considerably from plague, and where rats could pass from the ships to 
land just as easily at the plague time as in former periods, that there 
was no plague on board ship within the docks. Moreover, he has shown 
that in the first epidemic of the plague in 1896 and 1897 at Bombay 
most of the rats were killed off, but that did not prevent the subsequent 
epidemics which have occurred since that period. He then gives some 
remarkable statistics with reference to the supposed infection caused by 
rats, for which purpose he selects certain districts in the city of Bombay 
which are known as grain districts, where there exists every condition 
essential for the life and multiplication of rats in the various granaries ; 
and for comparison he selects other districts in the city in which there 

^ History of Market Harbonmgh, by W. Harrod, p. 60. 

^ It is essential that the floors of all houses in malarious countries should be imperme- 
mble, and that as little disturbance as possible of the soil should be made in epidemic 
periodfl. 

' China Imperial Maritime Customs Medical Reports^ for half-year March 31, 1896, 
p. 99. 

* Times of India, February 18, 1899, p. 153. 
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are no large grain stores or likely to be any large number of rats, and 
compares the death-rate from plague in each of these districts : — 



Kat DiMtricU. 
Mandvi 
Oomerkharry 
Dongre 
Market 



riague Deaths. 
834 
259 
267 
182 

Average 



Rate of Mortality 
perlOOO. 

8-«5 
4-93 
8-80 
4-06 

6-68 



Non-Rat Districts. Plague Deaths. 

Pare] 603 

Sion 469 

Sewri 122 

Mahim .... 666 

Ayerage 



Rate of Mortality 
per 1000 

20-98 
23-46 
20-12 
85-99 

. 25-14 



It will be seen from the above figures that in the rat districts the 
average mortality from plague was 6*68 per 1000, while in the non-rat 
districts it was 25*14 per 1000; and therefore he concludes that rats 
are not an essential agent in the spread and maintenance of plague. 

In the time of the Great Plague of London it appears that a dead set 
was made against animals, the same as has been since done in many 
epidemics arising from various diseases. 

During the Great Plague of 1665 all cats and dogs in London were 
ordered to be killed, as they were esteemed capable of conveying the 
infection ; and it is said that a prodigious number of these creatures were 
destroyed — forty thousand dogs and five times as many cats. All possible 
endeavours were used to destroy mice and rats, — multitudes of them 
were destroyed by ratsbane and other poisons,^ — and yet we know that 
the plague pursued its even course just the same as it had done in other 
preceding plagues, having exactly the same marked periodicity as in former 
outbreaks. 

Some facts may now be noted with regard to what has been observed 
in connection with the meteorological conditions attending the outbreak 
of plague and its sudden stoppage. One of the very marked circum- 
stances is the fact that plague suddenly dies out when the temperature 
rises above a certain point Referring to the outbreak of plague in 
Mesopotamia in 1873 and 1874, it is stated that "with the accession of 
the hot season in June the disease (as would appear to be customary with 
the plague in Mesopotamia, when it is prevalent there) rapidly declined 
and api)arently died out, to reappear at the beginning of winter." ^ It is 
stated that with reference to the plague in Mesopotamia, the " plague 
broke out and reached its acme of intensity in the spring, and died out 
suddenly during the summer season when the great lieat declared itself 
and the thermometer rose to 45^ or 50° C. (113° to 122° R). During 
the prevalence of plague the thermometer ranged between 6° and 30° C. 
(41' to 86° F.), and when it rose to 30° C. (86° F.) the disease had 
reached its maximum of intensity. As the temperature increased from 

* CUy Remembrancer y vol. i. p. 313. 
« Parliamentary Paper, Plague, C21>62, 1879, p. 24. 
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30'' to 45'' C. (86° to 113° F.) the epidemic began to diminish, and as 
soon as the thermometer got up to 45° C. (113° F.) it ceased abruptly."^ 

It has been stated that "in Europe and Africa the plague is 
destroyed or suspended between 60° and 80°/' ^ 

Experiments which have been made with the plague bacillus show 
that it is killed by an exposure for fifteen minutes to a heat of 70° C. 
(158° F.)^ 

It is mentioned of the plague, that " it was equally fatal in Sind with 
its arid climate and extreme variations of heat and cold, in the moist and 
equable Konkan, which receives the full force of the monsoon torrents, 
and in the comparatively dry uplands of the Deccan. But in all these 
places the hottest part of the year succeeded completely, or for the time, 
in subjugating the epidemic." * 

" In all plagues with which Aleppo has been visited in this century, 
the contagion is said to have regularly and constantly ceased in August 
and September, the hottest months of the year." * 

It has also been noted that the outbreak of plague has occurred at a 
period of sudden fall of temperature : " Dr. Petresco is disposed to assign 
the great outburst of plague at Vetlianka during the week ending 
December 21st to a sudden fall of temperature, causing a relatively 
greater crowding of the families, in consequence of the more careful 
exclusion of fresh air from the living-room, and greater heating of the 
stoves." ® 

The same observation has been made with reference to the plague in 
India occurring in the cold season, as a rule driving the people more into 
their houses than at other periods. This, of course, would not hold good 
in the case when the plague was epidemic in England, as it usually 
occurred in the warmest periods of the year and gradually declined with 
the cold periods. The conditions which lead to the eruption of plague 
in India cannot be looked upon as merely incident to cold driving people 
within their habitations, but is due to causes which are brought into 
operation, first in stopping plague by an increase of temperature, and 
secondly in increasing plague by a sudden fall in temperature. 

In order to reconcile the varied conditions under which plague breaks 
out in different countries, and how under certain conditions it is stayed 
in its progress, it is necessary to understand thoroughly the hygro- 
metric conditions of the ground. In my address as President of this 
Society in January 1892, I particularly directed attention to some 
experiments which had been carried on for some years with regard to 
the hygrometric condition of the ground, especially on the subjects of 
condensation in and of evaporation from the ground. There cannot be a 
doubt that the conditions which ordinarily produce evaporation from 
water or land surfaces are identical with the conditions which produce 
exhalations from the ground, and that these exhalations consist largely of 
vapour of water canying matters injurious to health with them. 

The experiments to which I refer were made with an earth hygro- 

^ Parliamentary Paper, Plague, 02262, 1879, p. 61. 

' Supplement Ninth Report Local Oovemment Board, p. 83. 

» Government qf India— The Plague in India^ 1896-97, R. Nathan, vol. i. p. 26. 

* Ibid., 1896-97, R. Nathan, vol. i. pp. 53, 54. 

* Philosophical Transactians, vol. liiL p. 23. 

* Suppl^nent Ninth Report Local Oovemment Boards p. 29. 
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meter consisting of cylinders filled with earth freely suspended in 
a perforated tube, within the earth, at depths of 1 foot and 2 feet below 
the surface. The general result showed that these earth cylinders in the 
day time, when the air was warmer than the earth, increased in weight, 
but at night time, when the temperature of the air fell below that of the 
earth, the cylinders lost weight ; showing that when the air was warmer 
than the earth condensation took place, but that when the earth was 
warmer than the air evaporation took place. These experiments threw 
considerable light upon the influence of malaria, and explained some well- 
established facts known in reference to the influence of malaria, such as 
the circumstance that malarious countries can be traversed with impunity 
in the day time but are very fatal at night. The fact is that in all warm 
and malarious countries, especially in the day time, when the air is warmer 
than the ground, no exhalations take place from the ground, but at 
nightfall, when the ground is often very much warmer than the air, these 
exhalations, accompanied with the vapour of water, escape from the 
ground. A further investigation of this subject was of the greatest im- 
portance with a view to showing what connection there was between the 
hygrometric state of the ground and the spread of diseases which are 
generally known as soil poisons. 

With this view, I have considered in what way any ordinary 
meteorological observer can carry on the observations necessary for 
determining the periods of the year when exhalations escape from the 
ground, and the quantity that then arises. It is necessary therefor that 
the temperature of the earth should be ascertained in every case; 
and it is desirable that these observations should be carried on to a con- 
siderable depth, as in all probability in the case of plague it would appear 
that the temperature of the ground at considerable depths, in warm 
countries, has a very marked effect upon the incidence of the plague. 
It should be here noted that there does not appear to be any marked 
connection between the temperature of the ground and plague, simply 
viewed as temperature ; but it will be shortly seen that temperature 
exercises an enormous power in the elimination of vapour from the 
ground. It is essential also to determine the temperature of the dew- 
point; and with this view I had erected, previous to June 1898, 
a Stevenson thermometer- screen in which there are two maximum 
and two minimum thermometers, one of each being a wet -bulb ther- 
mometer. From these I have calculated the maximum and minimum 
dew-point every day. The maximum and minimum temperatures of the 
ground ai*e also registered at 6 inches in depth, and the ground 
temperature is also taken daily at 2 feet 6 inches and at 5 feet in 
deptL Having got both the dew-point and the temperatures of the 
ground, in order to determine what evaporation or exhalation takes 
place, we must have recourse to what is known as Dalton's Law, V - v, 
where V represents the vapour tension due to the temperature of the 
ground or evaporating surface, v being the vapour tension due to the 
temperature of the dew-point. The greatest amount of evaporation or 
exhalation would therefore take place when we have the maximum 
temperature of the ground and the minimum dew-point ; and at all 
times the exhalation takes place in proportion to the tensional difference 
between the ground temperature and the temperature of the dew-point. 
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The following table shows the results of the observations taken at 
my house at Croydon : — 









Temperature. 


Dew-Point. 


Tensional Difference. 


Month. 


11 




III 




ii 

S(5 


s5 


Hi 


In 

^0 




2II 





1898 


^ ^ 





p ^ 











in. 


in. 


in. 


in. 


in. 


June 


676 


59-3 


56.8 


540 


537 


47-4 


262 


•347 


•177 


•134 


.090 


July. . 




70.8 


623 


61.4 


S8.1 


55-8 


49-2 


.308 


•403 


•211 


•194 


•132 


August 




71.9 


636 


63-6 


60.4 


57-8 


51.9 


•303 


•396 


•202 


•202 


.140 


September 




67-0 


57-4 


6i-9 


604 


550 


47-6 


•228 


•331 


.142 


.224 


.196 


October . 




55.0 


50-6 


55-5 


56.2 


51-3 


45*9 


.055 


•124 


.060 


•132 


.144 


November 




46.4 


40.9 


50-5 


52-5 


45-4 


38-6 


•012 


.082 


•022 


•133 


•162 


December 




44-3 


38-6 


46.6 


48.6 


43-5 


37-5 


009 


.067 


009 


•093 


118 


1899 
























January . 


41.4 


34-9 


43-6 


45-6 


40-8 


34-8 


006 


•059 


•CO I 


.082 


.104 


February 






41-4 


34-1 


42-6 


44.1 


39-0 


33-5 


•023 


.069 


•004 


•081 


•097 


March 






41.4 


33-8 


41-6 


43-1 


38-0 


29-6 


•032 


•097 


•030 


•099 


.114 


April 






516 


44-1 


47-0 


46.0 


42.5 


37-9 


•no 


.154 


.061 


•095 


•083 


May 






60-2 


49-9 


522 


501 


46.5 


39-5 


.205 


•280 


.118 


.149 


•120 


June 
July. 






73-3 


61.5 


59-0 


55-5 


54-2 


46.5 


•399 


•503 


•229 


•183 


•124 






77-9 


66.7 


64-0 


59-8 


57*5 
57-8 


53-0 


.482 


•552 


252 


•193 


•III 


August 






77-2 


650 


66.4 


62.7 


53-3 


•455 


.527 


•210 


•241 


•163 


September 




63-9 


53-0 


61.5 
52-8 


607 


52.4 


46.5 


•200 


•277 


•086 


.229 


•214 


October . 




505 


44.4 


54-7 


48.9 


39-3 


•021 


.127 


•053 


•160 


•188 


November 




47-5 


42.5 


50.2 


517 


46-0 


402 


•018 


•080 


•023 


115 


•135 


December 


363 


327 


43-5» 


467 


36-2 


28.2 


<X)0 


.060 


•032 


.129 


.165 



The differences in vapour tension are measured in decimals of an inch 
of mercury ; and mercury is 13*59 times heavier than water at 32° F., and 
diminishes in weight -5-1^ part for every degree F. the temperature is 
raised. The vapour tension is the actual pressure above a vacuum. 

It will be observed from these observations that the tensional 
difference between the temperatures of the ground, and the minimum 
temperature of the dew-point, varies slightly from year to year ; but this 
is not more variable than were the outbreaks of plague, when plague was 
a visitant of this country. It will also be seen that these differences in 
vapour tension are in accord with the periods when plague was rife in 
this country, and that they rise and fall with the periods when plague 
was rife. 

It should also be observed with reference to this subject, that the 
vapour tension should arrive at its maximum some period previous to 
that of the plague ; and in this respect it should be noted that it has been 
observed in India that " a certain time elapses before the infection gets 
a firm hold of the town or village, as indicated by the death-rate, after 
the first probable infection from without It of course varies, and is by 
no means well defined, but it would appear to be at least a month." ^ 

In the case of the city of Bombay a series of meteorological observations 
are given which have been kindly supplied to me by Mr. N. A. F. Moos 



* Report of Sanitary Commissioner Government of Bombay, Surgeon Lieut. -Col. J. W. 
Clarkson, p. 91, 1897. 
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of Colaba Observatory, Bombay. The following table, showing the 
tensional differences, has been calculated from the observations : — 











Ten 
Mean 


SIGNAL DiFPERBNCE. 








Mean 


Min. 


Min. 


Mean 


Min. 


Mean 


Min. 


Month. 


Dcw- 


Dcw- 


Dew- 


Dew- 


Dew. 


Dew. 


Dew. 


Dew. 




Point 


Point 


Point 


Point 


Point 


Point 


Point 


Point 




and 


and 


and 


and 


and 


and 


and 


and 




9 ins. 


9 ins. 


20 ins. 


30 ins. 


60 ins. 


60 ins. 


13a ins. 


132 ins. 




Ground. 


Ground. 


Ground. 


Ground. 


Ground. 


Ground. 


Ground. 


Ground. 


1896 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


August . 


•213 


.318 


•301 


.406 


•347 


•452 


•343 


.448 


September 




•274 


.440 


•329 


•495 


•337 


•503 


•337 


•503 


October . 




•305 


.651 


•347 


•693 


•317 


.663 


•293 


•639 


November 




•376 


•669 


•464 


•757 


.464 


•757 


.421 


•714 


December 




.407 


•684 


•514 


•791 


.567 


•844 


•533 


.810 


1897 


















January . 


•342 


•653 


•461 


•772 


.569 


.880 


.562 


•873 


February 




•331 


•577 


.420 


666 


•524 


•770 


•538 


.784 


March 




.298 


.601 


•358 


•661 


.422 


•727 


•432 


•735 


April 




.297 


666 


.316 


.685 


•312 


681 


•297 


666 


May 




•332 


•445 


•364 


•477 


•324 


•437 


•259 


•372 


June 




.278 


.426 


•351 


•499 


•326 


•474 


•240 


•388 


July . . 




•232 


•378 


•336 


.482 


.360 


.506 


•293 


•439 


August . 




•221 


•329 


•300 


.408 


•335 


•443 


•312 


.420 


September 




.224 


•322 


•303 


.401 


•319 


.417 


.296 


•394 


October . 




•283 


•571 


•359 


•647 


•374 


•662 


•336 


.624 


November 




•394 


•.^6^^ 


•513 


.778 


■lU 


•820 


•513 


•778 


December 




•389 


•513 


.809 


•894 


•575 


.871 


1898 


















January . 


•369 


•631 


.480 


•742 


.570 


.832 


.562 


.824 


February 




•350 


•776 


•460 


•886 


•525 


•951 


•507 


•933 


March 




•354 


•873 


•430 


•949 


•445" 


•964 


.411 


1^ 


April 




•353 


•637 


.416 


•700 


•372 


.656 


.296 


May 




•414 


.566 


•486 


•638 


.406 


•558 


291 


•443 


June 
July 




•347 


•479 


•470 


602 


.422 


•554 


.284 


.416 




.289 


.414 


•421 


•546 


•425 


.550 


•323 


•448 


August . 




•300 


.410 


.419 


•529 


•423 


•533 


•354 


.464 


September 




280 


•429 


•396 


•545 


.400 


•549 


•345 


•494 


October . 




•348 


•694 


•433 


•779 


•388 


•734 


•333 


.679 


November 




.428 


•717 


•543 


•832 


.526 


.815 


.451 


.740 


December 




.412 


.781 


•550 


.919 


•578 


•947 


.520 


.889 


1899 


















January . 


.414 


.706 


•574 


•866 


•693- 


•985 


•674 


.966 


February 




•364 


.659 


•475 


•770 


•556 


.851 


•549 


•844 


March . 




•357 


.658 


•434 


•735 


•442 


•743 


•415 


716 


April 




•398 


•620 


.488 


•695 


.421 


•643 


.356 


•578 


May 




•413 


•559 


•634 


.417 


tl 


•318 


.464 


June 




•369 


.565 


.491 


.687 


•452 


•329 


•525 


July . 




•345 


•468 


•455 


•578 


•455 


•578 


.361 


•484 


August . 




•358 


•496 


.467 


.605 


.462 


•600 


•389 


•527 


September 






•456 


.469 


•564 


.465 


.560 


•400 


•495 


October . 




•365 


.826 


.442 


•903 


•430 


.891 


•361 


•822 


November 




•413 


.709 


•549 


•845 


•570 


•866 


.505 


•801 


December 


•434 


•724 


•567 


•857 


•637 


•927 


•589 


•879 



In this table the minimum dew-point is the extreme dew-point each 
month, and diflfei-s in that respect from the Croydon table, in which the 
minimum dew-point is the average of all the days of the month. The 
rise and fall of the tensional diflferences in this table will be found to agree 
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in a remarkable manner with the rise and fall of the plague. The influ- 
ence will be more clearly seen by reference to the diagrams. 

It will be seen in Bombay that the tensional differences arrive at their 
maximum just before the maximum outbreak of plague, and that they then 
rapidly fall, and also that at greater depths of the ground there is a very 
marked parallelism between these outbreaks and the tensional differences. 

I have also prepared a set of diagrams showing the various meteoro- 
logical conditions and the incidence of plague, and have added to them 
a further set of diagrams which shows what would be the ordinary 
effects of evaporation or exhalation, taking into consideration the move- 
ment of the wind, which has a very material influence upon evaporation, 
and probably upon exhalation, and for this purpose I have used Dr. Pole's 
formula for Evaporation, which is as follows : — 

X2_ta 



E = 



A(IOO-W) 



T Temperature of the ground. 

t Temperature of dew-point. 

W Wind, miles per hour. 

A Coefficient. Taken for Bombay at 80. 

£ Evaporation or exhalation, depth per day in inches. 

It will therefore be noted that, with reference to these observations, it 
is quite clear that if the temperature of the air does increase beyond the 
temperature of the ground, so that its dew-point is above the temperature 
of the ground, instead of evaporation taking place, condensation takes 
place, and to this increased high temperature may be entirely due the 
sudden stoppage of plague after a certain high temperature has been 
reached, which, by raising the temperature of the dew-point, stops all 
exhalation from the ground, and will cause condensation to take place 
instead of evaporation.^ So also, where it has been observed that a sudden 
fall of temperature causes plague to arise. A fall of temperature means 
that the temperature of the dew-point must fall, and the tensional 
difference between a low dew-point and a high ground temperature 
would at once lead to exhalations escaping in large quantity from the 
ground, and so lead to the liberation of the plague bacillus from the 
ground, accompanied with the exhalations necessary for its development. 
Some years ago I made an inspection of the city of Bombay, and found 
that there had been a general increase in the deaths arising from diseases 
of the respiratory system other than phthisis, which I found was traceable 
to the blocking of the natural drainage outlets from the city, and the 
consequent stagnation in the movement of the underground waters. As 
these diseases follow, in parallel lines, the outbreak of plague, it would 
naturally follow that plague was affected by similar conditions. I 
also made an inquiry in the year 1890, and reported on the con- 
dition of the city of Poena, which has recently suffered so frightfully 
from the ravages of plague. The sanitary description of Poona will 
suffice to give a description of all the places in which plague has been 
more or less rife. 

^ If the air of a house infected with plague was warmed and saturated with vapour of 
water so as to equal or exceed the vapour tension due to the temperature of the ground, it 
would .effectually prevent emanations from the ground, thus imitating the mode nature 
adopts in stopping such emanations. 
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Poona stands at a level of about 1800 feet above sea-level, has a 
mean temperature of about 78° ; the temperature is highest in April or 
May, when it reaches 86°, it is lowest in January and December, when it 
falls to 72°, but readings as low as 44° have been recorded. The average 
velocity of the wind is about 242 miles per day ; it is least in January, 
when it is about 132 miles, and greatest in July, when it is about 404 
miles. The barometer is lowest in July and highest in December. 
There were no observations of ground temperature. The geological 
formation consists of basaltic rocks which in places crop out at the 
surface, and is overlaid with argillaceous alluvium known as " Moorum.^' 
Previous to the years 1874 and 1875 the health of Poona was said to be 
extremely good, but in that year a canal was opened for irrigation 
purposes, which has subsequently had a most deleterious influence on the 
health of the district The population of Poona with its suburbs and 
cantonment in 1891 was 161,390. 

There are about 1300^ wells within the city, of which 500 were in 
daily use, in addition to which about 2 J million gallons of water were 
daily brought into the city. The subsoil water-level of the district has 
been raised, the ground has become saturated by injurious cultivations 
in and around the city. The consumption of water has been increased 
by the introduction of the canal water for domestic purposes, without 
any adequate means for its removal. The river, which had previously 
ensured the movement of the subsoil water and replenished the wells, 
was dammed at its natural outlet, causing stagnation of the subsoil 
water and an increase of fever in the canal-irrigated districts. It was 
also reported in the documents submitted to me, that an increase in 
mosquitoes and flies had occurred in the city, which had, previously 
to the introduction of the canal, been almost absent. There were six 
slaughter yards within the city without any proper drains, and there 
were sixty-four burial grounds also within the city. It was apparent 
that the ground was impregnated with filth of man and beast ; and the 
consequence was that the health of the population was in a very bad 
state. The number of admissions to dispensaries and hospitals was 
enormous compared to the population of the city, some years numbering 
at least one-half of the total population of the place. 

As a further evidence of the unhealthiness of the city of Poona, in 
1898, out of every 1000 births, it is recorded that there were 574*65 
deaths of children under one year of age. 

A description of Hong-Kong which was given by Surgeon -Major 
Black, F.R.Met.Soc., some few years ago entirely accords with the 
description I gave of Poona. 

The conditions producing disease in India are in entire accord with 
the experience in other places, as it has been stated that ''in Dutch 
Brabant, where the people are more or less subject to intermitting fevers, 
in proportion to the distance of this water from the surface, so that, by 
looking into their wells, one may form a judgment of the comparative 
healthfulness of the several villages. "^ 

Sir John Pringle also mentions : " There were two villages near Cjoid- 
hoven called Lind and Zelst, the one 10 and the other 14 feet above 

^ On the plans of Poona there were shown 1419 wells. 
' Observations on Diseases qf the Arvii/y by Sir John Pringle, Bart, p. 62. 
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the surface of the water (an extraordinary height in that country), and it 
was observable how much better the soldiers kept their health in both 
those places than in any other of the * cantonments.' " ^ 

It may also be observed that in the city of Ahmedabad, which has 
had plague imported time after time into it, during the three epidemics 
that have occurred in India, it has never made any headway in that city, 
although a few indigenous cases have occurred. In this city the subsoil 
water level varies from 33 feet to 22 feet in depth below the surface, 
rising about 2 or 3 feet above these levels during the rains from July to 
October. In the city of Calcutta, into which plague has been imported, 
there is a large amount of subsoil water, and there is at times a 
movement of this subsoil water in the direction of the sewers amounting 
to something like nineteen million gallons a day.^ This movement of 
the subsoil water has to some extent, no doubt, protected Calcutta. 

It should also be borne in mind that the conditions which lead to 
emanations from the ground also control the emanations from the human 
body, and that these emanations are always looked upon as extremely 
infectious, as is recorded in the Ciiy Rememhrancer^ vol. i. p. 61. "In- 
fectious irradiations flowing from bodies influenced with the pest, as 
they constantly issue out by transpiration, and more open passages, and 
diffuse their malignity accordingly." 

The temperature of the human body may be raised in fever to 104°, 
the tension of the vapour at that temperature would be equal to 2*167 
inches of mercury, so that with the dry atmosphere such as occurs in 
times when plague is most rife, the power to exhale vapours from the 
human body is enormously increased.^ 

The conditions under which plague is propagated and spread being 
known, means can and ought to be provided for its effectual prevention, 
and until these measures can be carried out, the only effectual remedy of 
combating the plague is to vacate the infected site. 

I am indebted to the Right Hon. Lord George Hamilton and the 
Assistants at the India Office for copies of the Annual Reports of the 
Sanitary Commissioners of several provinces in India, to Mr. N. A. F. 
Moos of Colaba Observatory, Bombay, for meteorological observations, 
and to Mr. W. Marriott for preparing and exhibiting the slides of the 
diagrams. 

The following Tables are appended giving observations at Bombay : — 

1. Temperature of the Ground, Bombay Observatory, at a depth of 

9 inches. 

2. Do. do. do. 20 inches. 

3. Do. do. do. 60 inches. 

4. Do. do. do. 132 inches. 

5. Mean Temperature of the Air, Bombay Observatory. 

^ Observations on Diseases of the Army^ by Sir John Pringle, Bart., p. 63. 

^ The height of the tides govern the amount of the subsoil water at Calcutta, and the 
tides also render the subsoil water brackish. The experience of the year 1900, following a 
period of successive drought, has brought into action forces that have resulted in a very high 
death rate from plague taking place in Calcutta. 

^ It is a matter of some doubt if plague is really infectious, or whether the germs do not 
require to undergo some development in the ground before they become active ; but in the 
intere5(t of humanity, until more is known about the subject, it is desirable that plague 
should be treated as an infectious disease. 
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6. Minimum Temperature of the Air, Bombay Observatory. Least 
value of individual observations. 

7. Vapour Tension due to the Temperature of the Ground in Bom- 

bay at a depth of 9 inches. ^ 

8. Do. do. do. 20 inches. 

9. Do. do. do. 60 inches. 

10. Do. do. do. 132 inches. 

11. Mean Monthly Vapour Pressure, Bombay Observatory. 

12. Minima Monthly Vapour Pressure, Bombay Observatory. 

13. Barometric Pressure, Bombay Observatory. 

14. Mean Velocity of the Wind, Bombay Observatory, in miles per 

hour. 

15. Cloud, Bombay Observatory, Means of Estimates at 6, 10, 14, 

16, and 22 hours daily, the whole sky reckoned as 10. 

16. Rainfall, Bombay Observatory, Newman's Gauge 4^ feet above 

the ground.^ 

17. Deaths from all causes in Bombay, from the lieports of the 

Government Sanitary Commissioner of Bombay. 

18. Deaths from Fever in Bombay, from the Reports of the Govern- 

ment Sanitary Commissioner of Bombay. 

* The smaU amount of rainfall in India generally in the year 1899 promises to be the 
prelude to a more unhealthy season, as usually periods of drought and periods following 
droughts are generally very unhealthy, as they bring into action greater depths of the 
poUuted subsoil. 



TABLE I.—' 


rEMPERATURE OF THE GROUND, BOMBAY OBSERVATORY, AT 


A 


Dkpth of 9 Inches. 




Moftlht 


18P0. 


ia»L 


1801 


im$. 


1SP4. 


ISM. 


I8P0. 


1S07. 


im&. 


1890. 


January 


777 


77<» 


ji^2 


76-2 


77-9 


76% 


rie 


77.3 


77-7 


7^ 


Febniary . 






78^9 


76-3 


70-5 


7SO 


78-7 


76-8 


77*9 


76.9 


78^4 


788 


March 






8i>o 


79^3 


Key; 


78^6 


^9 


So^6 


S0.7 


79-0 


Si-s 


82-2 


April . 






83^5 


Sa^3 


Ss'S 


S3' I 


83-7 


S3*o 


84^9 


83^1 


SS^i 


8S-3 


May . 






Ss-a 


84^8 


86^9 


84.9 


858 


85^4 


86-8 


S57 


87^ 


87-3 


June , 
July . . 






83-9 


S6-S 


S4S 


838 


Ss-i 


§5-3 


85-6 


SS7 


86-9 


86-6 






B2^3 


S3.4 


SV9 


Sj-S 


8j-o 


^lA 


S3-4 


837 


S4'9 


85.7 


Augusi 






8i 1 


S2'6 


817 


8t.8 


S2-6 


82>3 


817 


S2-9 


84-3 


8s-4 


Septembej . 






813 


819 


^7 


Si-G 


8i-3 


Sis 

82^8 


^8 


U-9 


837 


8S-. 


October 






Si -9 


S2'S 


Sa.4 


S2-0 


Sjo 


84*6 


83'T 


85-6 


SC-o 


November 






SchS 


81^6 


Sol 


Sr.3 


SO-2 


82-4 


831 


80K 


^4*4 


834 


DecemWr . 




78-8 


79-3 


78^2 


79-3 


78.4 


79-2 


806 


7S-4 


82-0 


8.-3 


Means 


81H 


81^5 


81.9 


80.S 


81-6 


Si-G 


82.6 


St-6 


835 


S3.7 
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TABLE II.— Temperature of the Ground, Bombay Observatory, at a 
Depth of 20 Inches. 



Months. 


1&90. 


l!ftll. 


iw^ 


IBSS. 


1^94 


U95. 


liSti. 


18»7. 


ISRS. 


ISW. 


Janunry 


8^3 


^l 


8^9 


79-4 


So% 


79-7 


«.*-3 


S^9 


si. 


8i'-8 


February 








&>7 


78'9 


Sl-S 


7S'0 


So-8 


79-3 


&>? 


79-7 


St.; 


82-1 


March 








82,1 


S07 


S1.9 


79-9 


820 


81^ 


81.9 


80-8 


8.V6 


84-3 


April . 








«^.l 


Sj'O 


ji<}-6 


8.^-2 


84-6 


8.V9 


8s-S 


81-6 


86-7 


87-2 








86-1, 


8.5^4 


87.S 


5S-6 


B6.6 


S6.2 


87-S 


86^5 


89-3 


89-1 


jQ-he , 








S6.2 


^rs 


87-1 


8S-S 


iS7-i 


87.1 


878 


8r-s 


89-8 


89-5 


JuJy . 








84*9 


86^0 


Jt6-z 


84^8 


8V7 


8?7 


S6-0 


86-4 


88-2 


88-4 


August 








S,V4 


847 


844 


S3-9 


84-9 


84.4 


84-1 


85-0 


873 


88-1 


September 








83*0 


84*0 


S2-8 


83^6 


8v6 


837 


84-.1 


85-0 


«6-7 


87.S 


October 








i*3^7 


S4-2 


S3.6 


84^0 


8v8 


844 


8s-7 


SS'i 


877 


87-9 


November 








S.V2 


840 


827 


8vr 


S27 


84-2 


Ss-4 


S4-1 


87-3 


86-9 


December 








Si .6 


821 


80S 


82*5 


8r4 


S22 


836 


S2.I 


S5.7 


84-9 


Means 


83^3 [^3-4 


83-7 


82-9 


83^6 


83^5 


84-5 


S3-9 


86-3 


86.5 



TABLE III.— Temperature of the Ground, Bombay Observatory, at a 
Depth of 60 Inches. 



Months. 


1%9Q. 


imi. 


ma. 


ISM. 


l»ff4. 


1S9^. 


1$96. 


mr. 


ifloa. 


1&9Q, 


Jandflry 


82^4 


S2'6 


S3-0 


Si^S 


83-2 


82,, 


83\1 


839 


83-6 


Ss-o 


February 






82^3 


Sr^6 


S27 


80-9 


82-6 Si.6 


S2-6 


S27 


S3-^ 


84-3 


Maich 






827 


$1*6 


82-3 


80-9 


82*8 831 


82-4 


S2-6 


S4.0 


84- S 


April . 






83-9 


82-7 


84-4 


S3.3 


84a 


833 


S4-2 


83s 


8s-6 


Ss^q 


May . 






8V3 


844 


86^1 


H-^ 


8VS 


85*1 


86-0 


SV'J 


87^4187-4 


June , 
July . 






S6-.3 


S6a 


870 


SS-6 


86^6 


86^6 


87.4 


86*9 


8S7 88-6 






SS-9 


S6-S 


86-8 


SS^3 


86-5 


86*4 


S67 


87*0 


88-3 


SS-4 


August 






&4'6 


8SS 


Sv6 


846 


SS'S 85^4 


8.^3 


«S^9 


87^4 


88-0 


September 






«3^8 


S47 


84.2 


4*4-3 


84-6 


847 


S**-'' 


85-4 86^8 


877 


October 






8,37 


84' S 


8V4 


84^3 


**4-3 


84-S 


H-9 


1^55 86-6 87-6 


November 






8V9 


84-S 


8V4 


8*- 3 


84.1 


84'S 


854 


Ss-2 


n&q 


87-4 


December 






83-5 


Sj^9 


824 


842 


8j^S 


84-0 


850 


84-4 


8^4 


86-7 




V(ean5 


84^0 


841 


84.4 


836 


84.4 84-2 


> 84*8 


84-9 S6.3 


86^8 



TABLE IV. — Temperature of the Ground, Bombay Observatory, at a 
Depth of 182 Inches. 



Months, 


ism. 


ISMh 


i9n. 


1SP3. 


lEH. 


lBi»&. 


ism. 


ifi07, j is]*a. 


is&y. 


January 


82-8 


82^6 


831 


81^8 


82'S 


82.6 


Sh 


837 j 83H 


84'? 


February 






82*4 


82*1 


827 


81-4 


82.S 


82-0 


82-6 


81^1' 


830 


84-1 


Jlarch 






82*4 


81^9 


827 


81*2 


82-4 


8 2-0 


82^4 


82^9 


Svi 


Si*S 


April . 






, 82-S 


82-1 


8,V2 


81^^ 


82*8 


82.4 


8.-5*1 


831 


836 


842 


May . 






S3"> 


82*9 


S40 


s.-.^ 


83' S 


8j^2 


8v8 


83-8 


84s 


84-9 


June . 






84-2 


S4.0 


848 


8,V2 


ii4-2 


84-1 


84-7 


847 


853 


8iJ-6 


July . 






84^5 


847' 


8S'3 


84*0 


85-0 


84*7 


8S-3 


^^■3 


'8^-8 


861 


August 






84^4 


85 


8Si 


S40 


84*9 


847 


8S-^ 


85-3 


8^7 


86-2 


September 






«3'9 


84^ 


84-5 


837 


84-3 


84,^ 


84-5 


84-8 


8V4 


86-1 


October 






8VS 


84^3 


8.va 


83-6 


840 


84^2 


843 


84-S 


8V2 


8v9 


November 






834 


83^8 


82-6 


83-4 


^J^S 


83-9 


843 


84- 1 


8^0 


8s-8 i 


I >ecember 






S30 


836 


82^4 


83-3 


^•2 


835 


84^1 


83"8 


849 


85-5 


Means 


83-4 


83^5 


83*6 


82*8 


83-6 


83'S 


840 


S41 


S4.6 


Ss-2 



58 
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TABLE V.- 


-Mean Temperature of thf 


Air, 


Bombay Observ 


ATORY 


• 


MoiHlli. 


lSffi>. 


iSfli. 


IfiM. 


ll*SHL 


Ii9ip 


IBOQ. 


lB9ik 


m-. 


i£0a. 


m^. 


January 


75- » 


74-1 


75-5 


72-9 


75*1 


73*2 


7S'9 


736 


74-6 


72^0 


February 






77-2 


73-5 


77-3 


72-1 


76-7 


74-8 


75-3 


741 


75-2 


75- 1 


March 






79-3 


77-7 


79-1 


77-3 


79^5 


79.2 


79-4 


77-0 


79-3 


79-?! 


April . 






82^4 


Uta 


Hs^o 


S27 


82^S 


8f-9 


84-2 


82.1 


8^1 


82-4 






Sj-9 


83-7 


857 


8i-6 


84-6 


S4-1 


S5.g 


84-6 


5S'< 


84^ 


une . 
;uly . 






Kr4 


M4'Q 


b2^S 


Hi-S 


S2'9 


83.1 


»V4 


8S'0 


8l'i 


82^5. 

8r8 






79-^ 


SoS 


«IM 


Sa^S 


&>6 


ik>9 


S0.9 


81^3 


8 1*0 


August 






7^7 


So-^; 


79*1 


AJo<j 


So-s 


79-9 


79^5 


81-1 


806 


81-4 


SeptcDiber 






79-5 


79'^ 


788 


79M 


790 


79- S 


Ht-6 


Si-o 


Koo 


8J.2 


October 






So-i 


S1.4 


81^2 


SO.2 


S0.2 


81., 


8,V4 


81^4 


S34 


83-8 


Novemljer . 






7^-S 


79-3 


74f.o 


792 


74J-0 


80-6 


81*0 


77*9 


Si-o 


79*4 


December . 


76-1 


76.7 


757 


76*5 


75-5 


76^4 


77-8 


74-9 


77-9 


77-2 


Means 


79^3 


795 


79-9 


78-9 


79-6 


79-'^ 


807 


79-5 


S04 


SCK> 



TABLE VI. — Minimum Temperature of the Air, Bombay Observatory. 
Least Value of Individual Observations. 



Jlotilhs, 


1300. 


IWOI. 


ijjai\ 


tHfia. 


lUiH. 


l^ftA 


jtm. 


1S07. 


ISftfeL 


1^0. 




6f. 


63*2 


6^.4 


62-9 


66-8 


62'0 


6^7 


621 


d^.2 


6^5 


February 








68^9 


60-3 


67-2 


59-S 


<^53 


63^2 


67-2 


65.1 


65-3 


676 


March 








72^9 


697 


67.2 


t>8*5 


702 


72-6 


70-3 


67.9 


fH*S 


71.2 


April . 








75-6 


73-8 


769 


749 


7S-^ 


75-4 


768 


720 


76.0 


75-8 


May . 








7H-8 


775 


ik).3 


7b-4 


79-8 


7*i'9 


to.5 


7S-8 


79-6 


June , 








75-3 


76-6 


76*4 


750 


75*9 


760 


75-7 


76^1 


75-6 


July . 








75*3 


737 


74-8 


75*2 


75*3 


75-4 


76<3 


747 


74-2 


7r>7 


August 








74-8 


75'4 


74-3 


74-9 


74-5 


747 


757 


77^31 


75-8 


7S-8 


September 








73-5 


741 


74-2 


75-' 


74-3 


7ZO 


75-6 


75-8 


74-5 


74-6 


October 








72*4 


750 


76^ 


729 


73-6 


73-6 


77-6 


73-^ 


76-9 


7S-7 


November 








702 


69^8 


70-2 


71-5 


706 


72-6 


67-9 


69^8 


72*3 


73-3 


Oecember 








66-9 


68-2 


68-2 


682 


65.1 


67-S 


64-y 


671 
717 


65-0 
72-0 


69.9 
72-9 


Means 


72-6 


7^-4 


72-S 


7^3 


722 


72'0 


72-9 



TABLE VII. — ^Vapour Tension due to the Tkmperature of the Ground 
AT 9 Inchf>8 in Depth at Bombay. 



Months. I 1890. 


1801. 


1892. 


1893. 


1894. 


1895. 


1890. 


1897. 


1898. 


1899. 




in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


, anuary 


•949 


.927 


.965 


•903 


•955 


.912 


•977 


•934 


•949 


.924 


February 








.987 


.906 


1-007 


-868 


.981 


.921 


•955 


.924 


•971 


.984 


March 






. . I-057 


I-OOO 


1-047 


•977 


I-053 


1.043 


I.047 


.990 


1.074 


I.099 


April . 






. i 1. 146 


1 103 


1-222 


M31 


1.154 


1-128 


I -200 


1131 


1.207 


1.215 


May . 








I-2II 


I-I96 


1-278' I-20O 


1-234 


1-219 


1-274 


1-230 


1.307 


1295 


Tune . 








i-i6i 


1.274 


I-I96 


1-157 


1. 207 


1-215 


1-226 


1.230 


1-278 


1.266 


Tuly . 








1.103 


1-142 


m6i 


I-IIO 


1. 128 


I-I42 


1. 142 


1. 154 


1-200 


1-230 


August 








i.o6o 


1114 


1-081 


1.084 


1114 


1-099 i-o8i 


M24 


M76 


1.219 


September 








1-067 


1-088 


1-047; I -077 


1.067 


1074 1-121 


1. 124 


M54 


1.207 


October 








1.088 


1. 121 


I- 106: 1-092 1-092 


1121 


m88 


1131 


1-226 


1242 


November 








1-050 


1.077 


1-026 I 0671 1-030 


1-106 


1131 


1-050 


m8o 1142 


December 








.984 


I 000 


.965! i.ooo| -971 


•997 


^•043 


.971 


1.092 I 067 


Means 


1-072 


1-079 


1-092, I 055 1082 


1081 1.115 


1-083 


1.151 


1. 158 
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TABLE VIII. — Vapour Tension due to the Temperature of the Ground 
AT 20 Inches in Depth at Bombay. 



Months. 


1890. 


1891. 


1892. 


1898. 


1894. 


1895. 


1896. 


1897. 


1898. 


1899. 




in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


in. 


January 


1-033 


1*026 


1-053 


1.003 


1-030 


I-OI3 


1-067 


1-053 


i-o6o 


1-084 


February 






1-047 


.987 


1-074 


•95« 


1-050 


-997 


1-040 


I-OI3 


1-081 


1-095 


March 








M03 


1-047 


i-o88 


1-020 


1-092 


1-088 


I-088 


1-050 


1-150 


1-176 


April . 








1-176 


I-128 


1-226 


I-I35 


1-188 


1-161 


1-222 


1-150 


1-270 


1-290 


May . 








1-246 


1-219 


1-303 


1-226 


1-266 


1-250 


1-303 


1-262 


1-379 


I -370 


June . 








1-250 


1-303 


1-286 


1-234 


1-286 


I-315 


1-303 


I -40 1 


i-3«« 


July . 








I-200 


1242 


1250 
i-i8o 


1-196 


I 230 


1-230 


1-242 


1-258 


1-332 


1-340 


August 






,1-142 


1-192 


1.161 


I -200 


1180 


I-I69 


1203 


I-29S 


1-32^ 


September 






I I-I28 


1-165 


1. 121 


1-150 


1.150 


1.154 


I-I76 


1-203 


1-270 


1-315 


October 






1 M54 


I-I73 


M50 


1165 


M57 


1-180 


1-230 


1-207 


1-311 


1-319 


November 






' I-I35 


1-165 


1-117 


1-154 


M17 


I-I73 


I-219 


1-169 


1-295 


1-278 


December . 1-077 


1-095 


1-050 


I-IIO 


1-070 


1-099 


I-I50 


1095 


I 230 


1-200 


Means . ; M41 


1-145 


1-158 


1-126 


1-153 


1-151 


1-185 


1-164 


1-256 


1-265 



TABLE IX.— Vapour Tension due to the Temperature of the Ground at 
60 Inches in Depth at Bombay. 



Months. 


1890. 


1891. 


1892. 


1893. 


1894. 


1895. 


1896. 


1897. 


1898. 


1S99. 




in. 


1 . 
in. 1 m. 


in. 


in. in. 


in. 


in. 


in. 


in. 


January 


1-106 


1-114 


I- 1 28 


1-084 


1-135 i-"o 


M39 


m6i 


I- 150 1203 


February 








I- 103 


1-077 


I-II7 


1053 


1-114 


1-077 


1-114 


1-117 


1146 1-176 


March 








1-117 


1-077 


M2I 


I-0S3 


1121 


1-095 


i-io6 


1-114 


1-1651 J-1^4 


April . 








1-161 


1-117 


I-180 


1-103 


M69 


I-I39 


I-I73 


1-146 


1-226 1-238 


May . 








1-215 


1-180 


1-246 


1-184 


1-222 


1-207 


1-242 


1-222 


1299 1-299 


June . 
July . 








1-254 


I -.246 


1-282 


1-226 


1-266 


1-266 


1-299 


1-278 


1-353 1-349 








1-238 


1-274 


1-274 


1-215 


1-262 


1-258 


1-270 


1-282 


1-336 


1-340 


August 








1-188 


1-222 


1-226 


1-188 


1-222 


1-219 


1-215 


1-238 


1-299 


1-323 


September 








1-157 


1-192 


1-173 


1-176 


I- 188 


1-192 


M84 


1-219 


1-274 


1-3" 


October 








I-IS4 


M84 


1-142 


1-176 


1-176 


1-184 


1-200 


1-222 


1-266! I 307 


November 








1-161 


I-184 


1142 


1-176 


1-169 


I- 184 


1-219 


I-2I1 


1-278 1-299 


December 








1-146 


I-161' I-II4 


1-173 


I -146 


1-165 


1-203 


1-180 


1-258 1-270 


Means 


1-167 


I-169 I-I79 


1-151 


1-182 


1-175 


1-197 


1-199 


1-254 


1-275 



TABLE X. — Vapour Tension due to the Temperature of the Ground at 
132 Inches in Depth at Bombay. 



Months. 1890. 


1891. 


1892. 


1893. 1 1894. 


1895. 


1896. 


1897. 


1898. 


1899. 


January 
February 
March 
April . 
May . 
June . 
July . 
August 
September 
October 
November 
December 








in. 
1-121 
i-io6 
1-106 
1-121 
1-146 

1-173 
1-188 
i-i8o 
1161 
1-146 
1-142 
1-128 


in. 

1-114 
1-095 
1-088 
1-095 
1-124 
1-165 
1192 
1-203 
1-188 
1.176 

I-I57 
1-150 


in. 

I-I3I 

1-117 
1-117 

1-135 
1-165 
1196 
1.215 

I-2II 
I-I73 
I-I35 

I-II4 
M06 


in. 

1-084 I 
1-070 I 
1-064 I 
1-074 I 
1-103 I 

1-135 I 
1-165 J 
1.165 I 
1-154 I 
1-150 I 
1-142: I 

I-I39I I 

1 


in. 
121 
no 
106 
121 
146 

173 
203 
200 
176 
165 
146 
135 




n. 

114 

092 

092 

106 

\^ 

192 
192 

184 

173 
161 
146 


in. 

I-I35 
1-114 
1-106 
M31 
I-I57 
I -192 
1215 
1-211 
1-184 
1-176 
1-176 
1-169 


in. 
1154 

1-131 
1-124 

1131 
1-157 
1-192 
1.215 
1215 
I -196 
1-184 
1-169 
M57 


in. 
1-142 

I-I28 

1-131 
1-150 
M84 
1.215 

1-234 
1-230 
1-219 

I-21I 
1-203 
I 200 


in. 

1184 
I-169 
1.157 

I-173 
1-200 
I 226 
1.246 
J. 250 
1. 246 
1238 

1-234 
1222 


Means 


1-143 1-146 1-151 1-120' 1-150 


1-146 


1-164 


1-169 


1-187 


1212 
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TABLE XL— Mean Monthly Vapour Pressubi^ Bombay Observatory. 



Monihi. 


laeo. 


mt. 


ym. 


,«»«. 


1894. 


ISW. 


ISM. 


im. 


IWS. 


IBW. 


January 
February 
March 
ApriK 
;M^y . 
June - 
July . 
August 
Scomber 
October 
November 
December 






-5S9 
-641 
.721 
•836 
-866 
.907 
.S70 
-824 
-S21 
-S15 
717 
.644 


in. 

■56S 

-810 1 

-«7J 
919 

s 

■814 
.662 

-SS9 


in. 
-621 
.637 

■87s 

.871 

•6S2 
.641 


in. 

.560 
.899 

■875 

IS 

-620 


in. 
■6t6 
-658 
•7»7 
■841 
•858 
•9*9 

.867 
.852 

•647 


in. 
■580 
•£08 

:lfl 
•861 
•923 
■8S9 
.863 

t\ 


in. 
•628 
■629 

Si 

-908 

.S6S 


in. 
-59^ 

F 

IS 

•95^ 

^22 

^903 

:^ 
tit 


in. 

■S93 
•931 

111 

n 


in. 

.S82 
-861 

.846 
-877 
.729 

■633 


Means . 


771 


7J7 


.792 


■759 


■784 


.776 


'Soa 


-781 


-798 


•77S 



TABLE XII.— Minima Monthly Vapour Pressure, Bombay Observatory. 



Months. 


1890. 


1891. 


1892. 


1893. 


'1894. 


1895. 


1896. 


1897. 


1898. 


1899. 


January 
February 
March 
April . 
May . 
June . 
July . 
August 
September 
October 
November 
December 








in. 

•337 
.400 

787 
725 

.448 

•360 


in. 

•206 
.402 
•547 

.817 
704 
'773 

^ 

.426 

•347 


in. 

•314 
.298 

•355 
.691 
.674 
•799 

1 

.561 
•375 
•430 


in. 

•314 
•253 
.424 

.561 

•749 
782 

720 

•380 
.402 


in. 

•432 

•344 
.441 

.657 
762 
.808 
•741 
•748 

•773 
.615 
.480 
•431 


in. 
•351 
•333 
•505 

•733 
719 
.526 
•492 
•353 


in. 
•387 
•347 
•477 
.617 
.816 

790 
•774 
•763 
•681 

•537 
.462 

•359 


in. 
.281 

■i 

•804 
•776 

•795 
•802 
.560 


in. 
.318 
•195 
•201 
.570 
741 

766 
725 

•463 

•3" 


in. 
.218 

•325 
.441 

:?& 

•723 
•751 
.416 

•433 
•343 


Means 


.567 


•549 


.568 


•551 


•603 


.568 


•584 


•557 


•534 


•537 



TABLE XIIL— Barometric Pressure, Bombay Observatory, 
87 Feet above Sea-Level. 



Montlu. 


1890, 


1*01, 


ism 


\m. 


1804. 


I89&, 


lew: 


1897. 


188ft, 


ISPfll. 


January , 
Februarj^ . 
March 
A_pril 
May . 
June . 
July . 
August 
September 
October , 
November . 
DeccmWr . 


in. 
29.910 
29-911 
29-841 
297SS 
297S4 

29-666 
29756 
29785 
29-857 
29920 
29.947 


ins. 
29.952 
29-939 
29-866 

29734 
29-653 
29749 
29792 

29850 
29-89S 
29-960 


ins. 

29-9^9 
29863 
29-Sn 
29761 
39754 

29-65? 
2q6aS 
29*693 
29740 

^9797 
29^89; 

29*968 


ins. 
29-907 

29791 
297SS 
29-64S 
29687 
29728 

^9775 
29-826 

29*899 

29-95S 


ins, 
29-928 
29-920 

29'ii55 
29787 

297S4 
29 -6^6 
2Q65S 
29-694 
297SS 
29-806 

^9^933 
29-945 


ins, 
29-930 
29-926 
29-840 
29*803 
29782 
29654 
29-689 
29704 

29-820 

^9'933 
29-936 


ins. 
29-945 
^9-944 
29.84S 
29-776 
29796 
29-618 
29665 
29.736 

29'82 I 

29878 
29-S6S 
29-953 


ins, 
29-946 
29904 
29-865 
29-821 
29-774 
29-664 
29-629 

29-67^ 
29.759 
29.840 
29-S97 
29-951 


29-961 
29-868 

29-843 
29779 

29-759 
29-649 
29^628 
29.744 

29759 
29810 
29*856 

29^1^ 


29*950 
29-894 
29-S57 

29*799 
29-760 
29-660 
29-732 

29759 
29S47 

29-847 
29-936 

29-954 


Means 


29-S14 


29^834 


29-790 


29-815 


29809 


29-8iS 


29.S20 


2g.Sio 


2979-^ 


29-S33 
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TABLE XIV.— Mean Velocity of the Wind, Bombay Observatory, 
IN Miles per Hour, 



Months. 


1890. 


1891. 


1892. 


1898. 


1894. 


1895. 


1896. 


1897. 


1898. 


1899. 


January 
February 
March 
April . 
May . 
June . 
July . 
August 
September 
October 
November 
December 








9-7 

I0.2 
129 
IM 
10.7 
176 
20.4 
162 
10.4 

9-4 


IO-2 
II.4 
12.5 
10.4 
II-2 
12.4 
18.I 
160 

"•3 

9-6 

10.5 

II-O 


8-9 
105 

9.8 
103 
IIS 

I2-0 
19.0 
130 
1 1.7 

7-6 
It 


IO-2 
IO-8 

8-6 

1 1-2 

IO-6 

146 

14.5 

143 
117 

77 

lO-O 

9-1 


u 

IO-9 
9.0 

9-4 
14.4 

17-5 
139 
9-5 
9-5 

IO-2 

8-7 


9-7 

9-4 

115 

9-7 

9-2 

15.1 

X 

n 

9-5 


IO-8 
IO-6 

n 

14-8 

20-4 

149 
8-3 
7-7 
9-3 
9-9 


9-5 

IO-2 

9-1 

ID- 1 

8-6 
137 
14-3 
151 

lO-O 

u 

ID- 1 


9-3 

ID- 1 
lO-I 
92 
9-2 
14-0 
16-2 

15.4 
9.0 

7-6 
8.7 
96 


9-5 
9.1 

'?3 
8.4 
9.4 

12-7 

157 

IM 

It 

81 

77 


Averages 


12- 1 


12- 1 


II-O 


ii-i 


IO-9 


IM 


1 1- 1 


10.7 


10.7 


98 



TABLE XV. — Cloud, Bombay Observatory. Means of Estimates at 6, 10, 14, 
16, AND 22 Hours Daily. The Whole Sky reckoned as 10. 



Months. 


1890. 


1891. 


1892. 


1898. 


1894. 


1895. 


1896. 


1897. 


1898. 


1899. 


January 
February 
March 
April . 
May . 
June . 
July . 
August 
September 
October 
November 
December 








0.4 
0.7 
21 

3-0 

2-5 
9.2 

n 

6^ 
2-5 
2-3 
27 


0-2 
0.7 
1-2 
2-0 

3-3 
5-4 
9-3 
90 

77 

2*2 
I-I 

07 


0-8 
06 
0.7 

2-3 

11 

91 

9-2 
7-6 
46 
0-7 
17 


07 

0-6 
0.7 

2-8 

3-3 

n 

8-8 

7-3 
16 

2-3 

2-2 


0-3 

0.4 
1.9 

17 
2-2 
8-2 

8.6 

8.9 
8.4 

5-5 

1-2 

10 


0.9 
17 

1-3 
0.9 

30 

t^ 
87 
8.6 

77 
4.2 

1-3 
1-5 


0-2 
1.2 
0.9 
21 

8.5 

tl 

47 
I'l 

2-8 

2-5 


2-0 
08 
1.0 
20 

3-3 
7-4 
8.7 
87 
7-5 
37 

O'l 

04 


O-O 
09 
0.6 
1.9 

27 
7.2 
92 

8-6 

7-3 
20 
1-8 
1-5 


0.4 
1-2 
0.4 
22 

3-5 

f-5 
6.9 

51 

2-2 

•5 
•9 


Averages 


4-2 


3-6 


3-9 


3-9 


40 


3-9 


3-8 


3-8 


3-6 


3-3 



TABLE XVI.— Rainfall, Bombay Observatory, Newman's Gauge 
4i Feet above the Ground. 



Months. 


1890. 


1891. 


1892. 


1893. 


1894. 


1896. 


1896. 


1897. 


1898. 


1899. 




ins. 


ins. 


ins. 


ins. 


ins. 


ins. 


ins. 


ins. 


ins. 


ins. 


January 




... 






022 






001 




... 


February 










... 


0.14 




007 






0.17 




March 






... 


0.20 






006 












AprU . 






O-OI 


... 




0-02 


001 










I-S7 


May . 






0-06 


... 


on 


6-30 




0.08 


026 




0.16 


008 


June . 
July . 






24-55 


13-99 


13-30 
23-80 


21-47 


16.87 


17-84 


2802 


14.40 


27-21 


20.81 






21-54 


32-48 


16-14 


26.16 


18.04 


36-44 


3019 


20.72 


4-72 


August 






10-61 


6.94 


36.56 


13-55 


8-40 


1597 


20.77 


13-82 


5-28 


5-23 


September 






6.45 


22.54 


18-73 


7-54 


12.04 


11.91 


1.62 


20.60 


19.94 


3-49 


October 






0.58 


1.04 


1.89 


0-45 


3.08 


3-62 


001 


2-Sl 


048 




November 






125 




0-67 


1-63 




0.06 


0-53 




0.13 




December 






0.13 


... 






001 


... 










Totals 


65.18 


77-18 


95.12 


6724 


56.85 


67-59 


87.65 


81-53 


74-09 


35-90 


Rainy Days 


116 


100 


114 


124 


124 


109 


102 


108 
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TABLE XVII.— Deaths from all Causes ix Bombay. From Reports of the 
Sanitary Commissioner, Bombay. 



Months. 


1880. 


1890. 


isin. 


1802. 


1898. 


1894. 


1895. 


1896. 


1897. 


1898. 


January . 
"February . 


2064 


1788 


1749 


2381 


1779 


2037 


2II9 


2138 


7462 


6669 


1754 


1 641 


1799 


2294 


1693 


2277 


2055 
2182 


2224 


6814 


8146 


March 


1982 


2546 


2089 


2431 


1838 


2307 


2S04 


5305 


9147 


April 


2046 


I7IO 


2046 


2560 


2310 j 2416 


2298 


2528 


3500 


5076 


May . 


2075 


1527 


1973 


2322 


2254 1 2506 


2571 


2392 


2332 


2773 


June . 
July . 


1774 


1327 


1836 


1787 


1853 i 2175 


2008 


2001 


2163 


1977 


2038 


'53i 


1812 


219I 


1844 1 2579 


1982 


22S7 


2941 


2267 


August 


204s 


1638 


2118 


2257 


214I 1 2602 


2032 


2627 


3883 


3061 


September 
October . 


2027 

1774 


;S5 


2151 
2042 


2106 
2032 


1834 
1744 


2150 
2087 


181I 
1806 


T,l 


3448 
3221 


3416 
3472 


November . 


1692 


1748 


1766 


1907 1 1659 


1863 


1774 


2865 


2822 


2449 


December . 


1777 


2120 


I9I0 


1853 


1909 


2017 


6090 


3584 


3164 


Totals . 


23,048 


20,231 


23.501 


26,178 


22,802 


26,908 


24.655 


33.050 


47,475 


51.617 



TABLE XVIIL- 


-Deaths from Fever in Bombay. 


From Reports of 


the 


Sanitary Commissioner, Bombay. 


Months. 


I81K). 


1801. 


1802. 


1893. 


1894. 


1895. 


1896. 


1897 


1898 


1899 


January 


57^ 


464 


754 


447 


451 


549 


580 


5699 


3227 




February 




485 


503 


788 


410 


571 


503 


.596 


7549 


4869 




March . 




999 


658 


688 


440 


558 


572 


61S 


5263 


5452 




April . 




563 


565 


885 


724 


538 


562 


802 


2838 


X 




May . 




549 


612 


742 


828 


014 


755 


694 


902 




June . 




437 


538 


516 


513 


469 


586 


504 


522 


42s 




July . 




521 


502 


671 


404 


574 


475 


507 


540 


5^7 
836 




August . 




505 


619 


597 


450 


542 


516 


624 


6S3 




September 




469 


653 


567 


409 


450 


416 


758 


734 


1075 




October 




485 


594 


479 


411 


598 


382 


634 


S98 


W53 




November 




400 


503 


530 


382 


585 


466 


738 


575 


5^6 




December 


481 


612 


493 


393 


467 


557 


1779 


1014 


^53 




Totals 


6468 


6823 


7708 j 581 1 


6414 


6339 


8831 


26,887* 


22,215 





^ 10,337 plague. 

Description of Dia^'ams (pp. 68-88). 

No. 1 (p. 68). — ^The strong line represents the weekly deaths from 
plague in the city of Bombay from time to time as they have been published. 
The dotted line indicates the average monthly temperature of the ground 
at the depth of 9 inches. It will be observed from this diagram that the 
temperature of the ground would appear to have no influence upon the 
increase of the plague, and that as a rule the temperature of the ground 
was lowest preceding the greatest mortality from plague ; but it will be seen 
hereafter that the temperature of the ground has an enormous influence 
on the plague, not measured as temperature, but measured by its power 
to exhale vapours, and this is dependent upon its temperature but is con- 
trolled for the time being by the temperature of the dew-point of the air. 

No. 2 (p. 69). — The strong line in this diagram represents the weekly 
deaths from plague in the city of Bombay. The dotted line indicates the 
average monthly temperature of the ground at the depth of 20 inches. 

The remarks under No. 1 apply to this diagram and the two succeed- 
ing ones. 
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No. 3 (p. 70). — The strong line represents the weekly deaths from 
plague in the city of Bombay. The dotted line indicates the average 
monthly temperature of the ground at the depth of 60 inches. In this 
case it will be seen that the lowest temperature falls somewhere about 
the time of greatest intensity of the plague. The fluctuations of the 
temperature of the ground are less than at shallower depths. 

No. 4 (p. 71). — ^The strong line represents the weekly deaths from 
plague in the city of Bombay. The dotted line indicates the average 
monthly temperature of the ground at the depth of 132 inches. In this 
case it will be seen that the lowest temperature falls somewhere about 
the time of greatest intensity of the plague. The fluctuations of the 
temperature of the ground are also less than at shallower depths, and the 
temperatures are very high at this depth. 

No. 5 (p. 72). — The strong line shows the weekly deaths from plague 
in the city of Bombay, the upper line with dots upon it the mean 
temperature of the air, and the lower dash line the minimum temperature 
of the air. It will be noted in this diagram that plague begins to be rife 
when the temperature begins to fall, it gets to its height shortly after 
the period of lowest temperature, and begins to decline shortly after the 
temperature rises. It would appear from this diagram that there is a 
general conformity between temperature and plague: the most plague with 
the lowest temperature, and least plague with the highest temperature. 
These conditions show that with the lowest temperature we have also 
the lowest dew-point and the greatest difference between the temperature 
of the ground and the temperature of the dew-point. 

No. 6 (p. 73). — The strong line in this diagram shows the weekly 
deaths from plague in the city of Bombay, and the dash line the amount 
of cloud. It will be seen from this diagram that plague is most rife when 
there is the least cloud. This is quite the contrary to what has been 
i^upposed to be the case, as it has been reported that cloudy weather 
appears to have increased the mortality from plague in Bombay. 

No. 7 (p. 74). — The strong line represents the weekly deaths from 
plague in the city of Bombay, while the dash line indicates the monthly 
average height of the barometer. It will be observed in this case that, 
during outbreaks of plague, as a rule the barometer is falling, and the 
fall continues long after the plague has begun to subside. The fall of 
the barometer has a most material efl'ect upon eliminating air and vapours 
firom the ground. This is very clearly shown in this country in the case 
of the blowing wells of Northallerton, in which, whenever the barometer 
falls, a strong current of air sets out of these wells, whereas, when the 
barometer is rising, there is a strong current into the wells. In this case, 
however, the fall continues so long after the epidemic that it cannot be 
supposed that the barometric pressure has any material influence upon 
the rise and fall of plague, although when plague is most rife its influence 
favours the escape of air and vapours from the ground. 

No. 8 (p. 75). — The strong line shows the weekly deaths from plague 
in the city of Bombay, while the dash line represents the monthly 
average velocity of the wind in miles per hour. It will be observed 
from this diagram that the wind may, and probably does, exercise some 
influence upon plague ; that is, when there is the greatest wind to clear 
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the air, there appears to be the least plague, and that, on the contrary, 
during the period the plague is epidemic the winds are sluggish and would 
allow any malarious influence to linger within the district subject to such 
outbreaks. In no case, however, does the least movement of the wind 
correspond with the highest rates of mortality. 

No. 9 (p. 76). — The strong line indicates the weekly deaths from 
plague in the city of Bombay. The two dotted lines indicate the tensional 
difference, that is, the difference of the vapour tension due to the tempera- 
ture of the ground at 9 inches ^n depth and the vapour tension due to 
the temperature of the dew-point; the upper line with dots upon it 
being the difference between the temperature of the ground and the 
minimum dew-point, while the lower dash line indicates the difference 
between the mean temperature of the ground and the mean dew-pointy 
and it is by means of these differences in vapour tension that exhalations 
take place from the ground. It will now be seen that, during the period 
when plague is most rife, or preceding it, these tensional differences are 
greatest, and the power of exhaling vapours from the earth is also at its 
maximum, and that there is a regular rise and fall in these tensional 
differences about the period, or preceding the period, when plague is most 
rife. Of course, it should be noted that these are monthly differences 
of the vapour tension, while the deaths from plague are weekly, and 
therefore they are liable to error in not being able to show exacdy the 
maximum and minimum periods when the differences occurred. With 
more observations as to vapour tension, I am convinced that a better 
result would be shown. 

These remarks apply also to Nos. 10 and 11. 

No. 10 (p. 77). — The strong line indicates the weekly deaths from 
plague in the city of Bombay. The two dotted lines indicate the 
tensional difference, that is, the difference of the vapour tension due 
to the temperature of the ground at 20 inches in depth and the 
vapour tension due to the temperature of the dew-point ; the upper line 
with dots upon it being the difference between the temperature of the 
ground and the minimum dew-point, while the lower dash line indicates 
the difference between the mean temperature of the ground and the 
mean dew-point. 

No. 11 (p. 78). — The strong line indicates the weekly deaths from 
plague in the city of Bombay. The two dotted lines indicate the 
tensional difference, that is, the difference of the vapour tension due 
to the temperature of the ground at 60 inches in depth and the vapour 
tension due to the temperature of the dew-point ; the upper line with 
dots upon it being the difference between the temperature of the ground 
and the minimum dew-point, while the lower dash line indicates the 
difference between the mean temperature of the ground and the mean 
dew-point. It will be observed that when we come to the greater depths 
of the ground there is an intermediate fluctuation which agrees with the 
intermediate fluctuations which have occurred in the deaths from plague 
in Bombay, showing that the lines are getting very much more parallel 
with plague than they were at the shallower depths. 

No. 12 (p. 79). — The strong line indicates the weekly deaths from 
plague in the city of Bombay, and the dotted line indicates the total 
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weekly deaths in Bombay. The dash line and the line with dots upon 
it indicate the tensional difference, that is, the difference of the vapour 
tension due to the temperature of the ground at 132 inches in depth and 
the vapour tension due to the temperature of the dew-point; the line 
with dots upon it being the difference between the temperature of the 
ground and the minimum dew-point, while the dash line indicates the 
difference between the mean temperature of the ground and the mean 
dew-point. It will be observed that when we come to the greater depths 
of the ground there is an intermediate fluctuation which agrees with the 
intermediate fluctuations which have occurred in the general deaths and 
in the deaths from plague in Bombay, showing that the lines are getting 
very much more parallel with plague than they were at the shallower 
depths. 

No. 13 (p. 80). — The strong line indicates, the weekly deaths from 
plague in the city of Bombay. The dash line indicates the exhalation 
from the ground at a depth of 9 inches, calculated from the formula 
given in the paper, in which the influence of wind is taken into account. 
The temperatures both of the ground and of the dew-point are monthly 
records, while the plague is a weekly record, and are liable to error in 
not being able to show exactly the maximum and minimum periods 
when the extreme differences occurred. It will be seen that now there 
begins to be a considerable degree of parallelism between the exhalation 
as calculated and the outbreak of plague ; that this influence commences 
about the time the plague begins to increase. 

No. 14 (p. 81). — The strong line indicates the weekly deaths from 
plague in the city of Bombay. The dotted line indicates the exhalation 
from the ground at 20 inches in depth, calculated from the formula 
given in the paper, in which the influence of wind is taken into account. 
It will be seen from this diagram that there is an intermediate rise 
corresponding with the intermediate rises in the death-rate from plague 
in 1897, and a similar rise which corresponds with the increase in the 
general death-rate in 1898, which is shown on Diagram No. 17. 

No. 15 (p. 82). — The strong line indicates the weekly deaths from 
plague in the city of Bombay. The dotted line indicates the exhalation 
from the ground for 60 inches in depth, calculated from the formula 
given in the paper, in which the influence of wind is taken into 
account. It will be seen from this diagram that there is an intermediate 
rise corresponding with the intermediate rises in the death-rate from 
plague in 1897, and a similar rise which corresponds with the increase 
in the general death-rate in 1898, which is shown on Diagram No. 17. 

No. 16 (p. 83). — The strong line indicates the weekly deaths from 
plague in the city of Bombay. The dotted line indicates the total weekly 
deaths in Bombay. The dash line indicates the exhalation from the 
ground for 132 inches in depth, calculated from the formula given in the 
paper, in which the influence of wind is taken into account. It will be 
observed from this diagram that, in all probability, the temperature 
and exhalations from the greater depths of the soil have a most marked 
influence on the spread of plague, and that the lines showing exhalation 
are absolutely parallel with either the general causes of death or the 

F 
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deaths from plague which occurred in the city of Bombay during the 
three outbreaks of 189G, 1897-98, and 1898-99. 

No. 17 (p. 84). — The strong line indicates the weekly deaths from 
plague in the city of Bombay, and the dotted line the total weekly 
deaths in Bombay. It will be seen that there were intermediate out- 
breaks of disease between July and November 1897 and 1898, which 
are extremely marked in the general death-rate, but not so marked in 
the deaths from plague in 1897; and this, after all, is probably due to 
errors in registration, the deaths from plague at this period having 
probably escaped their due amount of registration. 

No. 18 (p. 85). — The strong line indicates the deaths from plague 
in the city of Bombay. The small dotted line shows the deaths from 
diseases of the respiratory organs, exclusive of phthisis ; while the dash 
line indicates the deaths from remittent fever. It will be seen that there 
is a strong parallelism between these diseases, which are all more or less 
influenced by the hygrometric conditions of the ground. In 1890, when 
reporting on Bombay, I found out that diseases of the respiratory system, 
other than phthisis, had increased to an enormous extent in recent years, 
which I attribute to the filling up of the low grounds about Bombay and 
obstructing the natural drainage channels ; and there can be little doubt 
that plague, remittent fever, and phthisis are also influenced by the 
obstruction of the natural drainage, which in Bombay still remains un- 
remedied. 

No. 19 (p. 86). — On the left-hand diagram the strong line indicates 
the weekly deaths from plague in London for the average of six years 
when plague was rife, or the years 1564, 1592, 1603, 1608, 1636, and 
1642, the years selected being those when the weeks ended on the same 
date ; and the line with a cross line upon it indicates the total weekly 
deaths in London for the same years. On the right hand of the diagram 
the strong line indicates the weekly deaths from plague in London during 
the Great Plague of 1665. The line with a cross line upon it indicates 
the total weekly deaths in London in the year 1665. On both diagrams 
the dash -and -dot line indicates the diflerence of the vapour tension 
between the minimum dew-point and the maximum registered tempera- 
ture of the ground at 6 inches in depth at Croydon in the years 1898 and 
1899. The dotted line indicates the tensional difl'erence between the 
maximum registered temperature of the ground at 6 inches and the 
maximum dew-point ; while the dash line indicates the tensional diflerence 
between the minimum temperature of the ground at 6 inches and the 
minimum dew-point. It will be seen from these diagrams that the 
tensional differences which control exhalations from the ground occur at 
a period immediately preceding that when plague used to be most rife 
in this country. There are no meteorological observations during these 
plague years in this country, but contemporaneous history shows that the 
great plagues usually occurred in, or following, dry periods. 

No. 20 (p. 87). — On the left-hand diagram the strong line indicates 
the weekly deaths from plague in London in the years 1564, 1592, 1603, 
1608, 1636, and 1642, and the dotted line indicates the total weekly 
deaths in London in the same years and the tensional difl'erence due to 
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the temperature of the ground at Croydon at the depth of 30 inches ; 
and the minimum dew-point is shown with a strong line with cross line 
upon it, the tensional difference hetween the minimum dew-point and 
the temperature of the ground at 60 inches in depth being shown with a 
fine line. On the right-hand diagram the weekly deaths from plague in 
London are indicated by a strong line in the Great Plague year of 1665, 
and the dotted line indicates the total weekly deaths in London in the 
same year ; the tensional difference between the dew-point and the ground 
at 30 inches in depth at Croydon is shown by a strong line with cross line 
upon it, and the tensional difference between the dew-point and the 
temperature of the ground at 60 inches in depth at Croydon is shown 
with a fine line. 

No. 21 (p. 88). — The strong line indicates the weekly deaths from 
plague in London in 1665; the dash line indicates the total weekly 
deaths in the plague year of 1665; the line with crosses upon it 
indicates the total weekly deaths in London for the average of the years 
1564, 1592, 1603, 1608, 1636, and 1642; and the dot-and-dash line 
indicates the deaths from plague in the same years. The strong line 
with a cross line upon it indicates the tensional difference between the 
temperature of the ground at 3*2 feet and the mean dew-point at 
Greenwich, while the dotted line indicates the tensional difference 
between the temperature of the ground at 3*2 feet in depth and the 
minimum dew-point at Greenwich. This diagram shows the tensional 
difference of the ground at Greenwich for a period extending from 1873 
to 1887, while the dew-points are an average for a period extending 
from 1849 to 1869. These diagrams show what a strong, marked 
parallelism there is between the tensional differences which are the 
cause of vapours rising from the ground and the plague epidemics which 
formerly occurred in this country, but that the period of the year in 
which plague occurred in London was not the same as at Bombay. Yet 
plague is only rife when those forces are brought into play which give 
rise to earthy exhalations, and the fact that there is a difference in the 
periodicity between London and Bombay, and that these forces only 
come into operation in each country at the particular times the disease was 
prevalent, thoroughly confirms the view that plague, if not directly due to 
exhalations from the ground, is largely controlled by such exhalations. 

No. 22 (Plate I.). — The upper diagram shows the tensional difference 
between the registered maximum' temperature of the groiuid at 6 inches 
and the maximum dew-point at Croydon for every day from June 1898 
to January 1900. The diagram shows the daily variations, and it also 
shows that at certain periods of the year condensation takes place ; that 
is, all the observations above the base line represent evaporation, while 
those below the base line represent condensation. The lower diagram 
shows the tensional difference between the registered minimum tempera- 
ture of the ground at 6 inches and the minimum dew-point at Croydon 
for everyday from June 1898 to January 1900. The diagram shows 
the daily variations, and it also shows that condensation takes place at 
certain periods of the year ; that is, all the observations above the base 
line represent evaporation, while those below the base line represent 
condensation. 
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DISCUSSION. 

The President (Mr. F. C. Bayard) expressed the thanks of the Society ta 
Mr. Latham for his admirable paper, which must have entailed great labour 
in working up. In the course of the paper, Mr. Latham often referred to the 
" plague,'* frequently meaning a different illness ; and he mentioned the 
"sweating sickness" at York in 1604 by that name. He (Mr. Bayard) would 
like to know what was the definition of that term. In the table of " Average 
Weekly Deaths, City of Bombay," it was difficult to understand from the headings 
what was meant, as for three years the births were considerably lower than 
the deaths. 

Dr. Theodore Williams said he wished to thank Mr. JLatham for his 
learned paper, which gave evidence of deep research and industry, and was an 
excellent brief history of the plague. He himself had not had the advantage of 
seeing a case of plague, so could not speak of the disease from personal know- 
ledge. There was no doubt that this present epidemic was the bubonic plague^ 
and it had also been prevalent in Egypt not long ago. Mr. Latham had 
first taken the negative side of the question, and had shown the atmospherie 
conditions not prevailing, and then those prevailing, during the plague. Looking 
at the subject carefully, he thought Mr. Latham had proved that there was 
a clear connection between the spread of the disease and vapour exhalation8> 
from the soil. At the present moment bacteriological investigations were being 
carried out in India by many, especially by Prof. Haffkine, whom he had 
hoped to see at the present Meeting ; and he trusted that soon some definite 
theory would be forthcoming to explain plague prevalence. It would be inter- 
esting to see if the plague bacillus could be cultivated at different depths in 
the soil and under similar conditions to those noted by Mr. Latham ; we should 
then ascertain some of the reasons why it multiplies and extends. With regard 
to the whole question, it will be a long time before anything definite could be 
proved. At present we could only register the outlines. Some day he hoped 
bacteriology and pathology would step in and fill up the blank, and then, 
the great problem of plague prevalence would be solved. 

Mr. E. D. Archibald congratulated Mr. Latham on his excellent paper,, 
and thought he had fairly proved a connection between the vapour tensional 
gradient and the increase and spread of the plague. Mr. Latham did not dwell 
on the introduction of the microbe ; but granting that it was already there,, 
one could well imagine it would grow under favourable conditions. Mr. 
Latham proves a seasonal correspondence between the Indian plagues and 
those that have occurred here, when also the vapour tensional differences arfe 
similar, which is a " real scientific proof." He (Mr. Archibald) was sorry to hear 
there were no percolation gauges in India, and thought that Mr. Eliot's atten- 
tion should be called to the fact. He had noticed that all the recent epidemics 
had come after an extraordinary period of rainfall. In 1894 the rainfall was 
very heavy, and during the monsoon period averaged 9 inches in excess. The 
plague started in 1896, the subsoil water having been considerably raised 
during these two years, thus making the conditions very favourable for the 
propagation of the plague. In Bengal, cholera appeared periodically in May 
and November ; but in Bombay it only occurred once in May, probably owing 
to drier conditions prevailing in the latter place in the autumn months.. A 
daily variation in the increase and decrease of the incidence of the plague 
should be shown, as well as a seasonal one ; and it would be interesting to try 
and discover if there was also a variation in the mortality at different hours o€ 
the day. 
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Prof. W. J. Simpson said he had liBtened with much pleasure to the paper, 
-which was very instructive and full of information. It must have cost Mr. 
Latham an enormous amount of labour and research to collect together so 
much valuable material, and every one interested in the subject of plague would 
appreciate his work. There were several reasons why such investigations were 
^welcome at the present moment Plague had been, and was still, particularly 
prevalent and destructive in the East It had spread as far west as Portugal ; 
and it was impossible to say that it would remain there, and not spread 
farther in Europe. The danger, therefore, was far from being imaginary, 
especially as very little indeed was knovtn of the manner in which it spread. 
That certain climatic conditions influenced its spread in an infected locality 
there seemed no doubt, the plague being no exception in this respect to other 
zymotic or infectious diseases, all of which had a seasonal prevalence. The 
difficulty lay in the explanation. That given by Mr. Latham certainly was 
borne out most strikingly by the diagrams, showing a comparison between 
the vapour tension and the plague in Bombay in 1896 and the Great Plague 
in London in 1665-66. The explanation was given somewhat tentatively and the 
investigation would naturally require to be carried further, especially in the 
direction of discovering whether the bacillus of plague was at these times in the 
vapour arising from the ground in an infected house. In Bombay the bacillus 
had only been once found in the soil of an infected house. The bacillus might 
grow on the surface of the soil, or perhaps even at 9 inches depth ; but it is 
-doubtful whether it would rise in the vapour exhaled. This, however, was a 
matter for experiment. The seasons undoubtedly acted on the rise and fall of 
the plague, but he thought it was rather in the multiplication of the bacilli 
than their spread in the atmosphere. Further research was, however, necessary, 
and this paper would draw the attention of others to the subject and assist 
them in following on the same lines, 

Mr. H. M. BiRDWOOD, C.S.I., said that he would confine his remarks to the 
figured statements of plague mortality in Bombay, which Mr. Latham had found 
so much difficulty in collecting. There could be no question that the official 
registration of deaths from plague had been far from correct ; for many cases 
of pneumonic plague, the most fatal and probably the most infectious type of 
the disease, were not at first recognised as plague at all. This was also the 
case at first even as regards the bubonic tyi)e of the disease (with its character- 
istic enlargement of certain glands), which was undoubtedly present in Bombay 
as early as in March 1896 ; and cases came under notice, though they were 
not known at the time to be plague, in the following months, until in September 
and October 1896 there could be no doubt that the plague had established itself 
as an epidemic on congenial soil. But even till early in 1897 cases of plague 
pneumonia were classed only as pneumonia ; and there was also an abdominal 
type of the disease which at first it was difficult to distinguish from enteric 
fever. It is probable that many deaths were registered as due to diseases of 
the respiratory system which were really due to plague. And moreover many 
plague cases were concealed by the relatives or friends of patients and thus 
•escaped official detection. Other causes also may have contributed to defective 
registration ; and it became apparent, as time went on, that the safest way to 
arrive at the true plague mortality in Bombay was to deduct the average 
mortality, as deduced from the returns for the five years immediately preceding 
the first epidemic, from the total mortality from all causes, as reported during 
the epidemic by the Health Department. He (Mr. Birdwood) had carefully 
scrutinised the official returns of the total mortality in Bombay from week to 
week, and had framed an estimate of the plague mortality in Bombay during 
the three epidemics from these returns and the returns of average mortality. 
The result gives support to Mr. Latham's general contention that the plague 
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has been at its worst during the driest months of the year. Of course no mere 
dryness of the season or any other climatic condition, or indeed any local or 
personal conditions of an insanitary nature, could of themselves produpe plague ; 
the essential cause of which is a vegetable organism, which must have a parent 
of its own kind, and cannot be evolved spontaneously or by any conditions 
affecting the air or the soil or the animals in whose body it finds a home ; 
though, as just suggested by Dr. Simpson, it is possible that plague germs 
may thrive more vigorously at certain seasons than at others, and the Bombay 
figures point to such a possibility. Seasonal influences have also been noted 
elsewhere. At Bombay, the successive epidemics had generally established 
themselves unmistakably at the beginning of October (in the years 1896, 1897, 
and 1898), and each epidemic lasted about 30 weeks. That is, it either 
ceased or quickly declined towards the end of April. The official returns 
gave the plague mortality in the 30 weeks of the first epidemic as 10,227. 
The actual mortality amounted, however, according to the better method of 
calculation, to 20,365. For the second epidemic, the official and revised 
figures were respectively 15,611 and 25,059; and for the third epidemic, 
12,931 and 23,988. If the periods of 30 weeks each be divided into stages 
of 4 weeks each, it will be found that, in the first epidemic, the worst stages 
were the 4th, ending January 19, 1897, during which the plague mortality 
amounted to more than 5000 deaths, and the 5tb, when it was not much less. 
In the second epidemic, the 5th and 6th stages were the worst In the 6th 
stage, ending March 18, 1898, the mortality exceeded 6500. In the third 
epidemic, the 6th and 7th stages were the worst^ In other words, the worst 
weeks in each year were those from the beginning of January to the middle 
of April, that is, during the driest season of the year ; for, after the close of 
the South-west Monsoon in September, the prevailing winds on the west coast 
pass over the sun-baked continent of India and are necessarily dryj and it is 
not until April 15 that the South-west Monsoon begins again to blow, bringing 
with it enormous quantities of vapour from the Arabian Sea. With the 
increasing humidity of the air and the rise of temperature, the Bombay 
epidemics decline rapidly in May and the following months, when only sporadic 
eases occur. He (Mr. Birdwood) would be glad to show his revised figures of 
weekly mortality in Bombay to Mr. Latham, who would be able to say how 
far those figures confirmed his views as to the close connection between plague 
mortality and the tensional differences between the temperature of the soil at 
certain depths and the temperature of the dew-point. In Northern India, where 
there were endemic plague centres on the southern slopes of the Himalayas, and 
in Arabia, no particular association with the seasons had been traced ; but 
plague seasons had been noticed in Persia and Syria, at Aieppo, Smyrna, 

* The Secretary has received the ' following contrasted tabular statement prepared by 
Mr. Birdwood, which shows the plague mortality at Bombay in each of the stages referred 
to, in the epidemics of 1896-97, 1897-98, and 1898-99 :— 

Plague Mortality in each Stag 



Stages of 4 weeks each in 1st, 


First 


Second 


Third 


2nd, and 8rd Epidemics. 


Epidemic. 


Epidemic. 


Epidemic. 


No. 1 endmg October 27-29 


784 


1264 


1543 


„ 2 „ November 24-26 


945 


1113 


787 


„ 8 „ December 22-24 


2681 


1428 


1087 


„ 4 „ January 19-21 


5012 


3435 


2509 


„ 6 „ February 16-18 


4872 


6860 


4574 


„ 6 „ March 16-18 . 


3584 


6520 


6120 


„ 7 „ April 13-16 . 


2079 


4400 


5973 


^, 8 (2 weeks) April 27-29 . 


408 


1039 


1395 


Totals . 


. 20,365 


25,059 


23,988 


Weekly Aven 


ige . 678 


835 


799 
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Trebizond, and Algiers. In Irak, according to Dr. Payne, the plague dies 
out suddenly in the summer. When the temperature rises above 86**, it begins 
to diminish, and it ceases abruptly at 113^. Again, some remarkable tabular 
statements would be found in Dr. Creighton's translation of Dr. August Hirsch*s 
Handbook^ which showed that plague seasons were distinctly marked at 
Alexandria from 1834 to 1843. An epidemic .generally began between 
October and January, though sometimes later, and it was a matter of common 
observation that it ended on St. John's Day, June 24. At Cairo, the annual 
epidemics are said to have ended three days earlier. And then there were the 
facts noted by Mr. Latham in connection with the outbreaks of epidemics in 
this country in certain dry seasons, while sporadic cases only occurred in 
intermediate years. In these seasons the plague was at its worst in the 
hot and dry autumn months, when the conditions were perhaps not far dis- 
similar from those in a cold season in Bombay. There were other interesting 
matters dealt with by Mr. Latham to which he (Mr. Birdwood) would have 
wished to refer, but at that late hour it would be impossible for him to do so. 

The President expressed the hope that Mr. Birdwood would supplement 
his remarks by a further statement of his views in writing, which could be 
published with the proceedings. 

[Mr. H. M. Birdwood, in a Note to the Secretary, says : — " I gladly comply 
with the courteous invitation of the President that I should state in writing my 
views on certain points to which I wished to refer at Wednesday's meeting. I 
will do so briefly. 

" Mr. Latham has referred to various beliefs as to the cause of plague ; and 
I would only note as to these that the theory supported by the French Com- 
missioners, Lagasquie and Pariset, who studied the plague in Egypt in 1828, 
that it is due to poisonous exhalations from corpses was shown by Dr. Hirsch of 
Berlin, more than eighteen years ago, to be untenable. He pointed out that 
for the development of the disease the access of the specific virus of plague was 
necessary. * When the virus comes not, no matter how unfavourable the hygienic 
conditions, then the immunity from the pestilence is complete.' In 1885, 
Dr. Payne described the plague as depending on the reception into the body 
and the multiplication therein of a specific organic contagion, probably of the 
class Bacteria. This was indeed a * golden guess,' for the world of science now 
universally recognises the Bacillus pestis, which is classed in the vegetable 
kingdom under the Bacteria, and was discovered by Dr. Kitasato at Hong Kong 
in 1894, as the essential cause of the plague. This essential fact must not be 
lost sight of in any discussion of the climatic or other conditions which favour 
the growth of an epidemic Plague mortality may rise or fall under certain 
conditions such as those described by Mr. Latham, but that can only be in 
places where the plague germs are already present. In any place not already 
infected the vims must have been introduced before any animals can be 
attacked. 

" With reference to Mr. Latham's remark that, so far, the sanitary measures 
carried out in places like Bombay appear to have been useless, though in time 
they may produce good results, it seems relevant to observe that, whenever 
infected houses had been thoroughly cleansed and vacated for a short time in 
Bombay, in 1896-97, fresh cases of plague rarely occurred in them, though 
there were some lamentable exceptions to this rule. The plague mortality in 
Bombay in the second epidemic only just exceeded 3 per cent of the normal 
population of 820,000, and was lower in the first and third epidemics. In the 
Great Plague of London it reached nearly 13*8 per cent of a population of 
494,000. At Moscow, in 1570, the number of deaths is reported to have been 
200,000. At Naples, 300,000 persons died in five months in 1656 ; in Stock- 
holm, 40,000 in 1710 ; in Marseilles, from 40,000 to 60,000 in 1720. The 
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lower death rate in Bombay may perhaps be fairly attributed to the vigorous 
sanitary measures adopted. 

'* With reference to Mr. Latham's remark that the pkgue is a disease of the 
poor, it may be noted that there is a fair consensus of opinion that healthy, well- 
nourished people are less liable to be infected ; or, if infected, are better able to 
resist the plague than the weak or the sickly or the ill-fed. This consideration 
may account for the comparative immunity enjoyed by the members of certain 
communities in Bombay, and especially by Europeans and Mohammedans, and 
to a less degree by Parsis. Dr. Hirsch thinks it probable that the 'social 
element ' gives the key to such differences, — not that they can with any confidence 
be attributed to d^rees of racial or national predisposition. We cannot forget 
that, for a long series of years, the plague was practically endemic on European 
soil ; but even then it was the poor who suffered. 

"Mr. Latham thinks that the elevation of a place, as affecting its 
temperature, also influences plague. But it is relevant to observe that, though 
a high temperature destroys the plague germs, it is by no means so clear that 
great cold has the same effect In Kurdistan the plague has prevailed in the 
severest winter weather, at an elevation of 6500 feet In the Himalayan 
districts, as pointed out by Dr. Hutcheson, it occui-s not only in cup -like 
valleys, but also on precipitous mountain ranges, in gorges reached only by 
cradle swings, in upland slopes close to the springs of rivers, and in an 
atmosphere and climate the ' finest and purest in the world,' — such advantages 
being apparently neutralised by the social condition of the people. No particu- 
lar elevation has indeed been shown to be unfavourable to the plague bacillus. 

" As to the relation of rats to the plague, I note that, in and near Bombay, 
the death of rats from plague has been preceded by a migration of rats. It is 
possible that the migration is itself a symptom of the disease ; for it has been 
noticed that a restless desire to wander is a symptom in human beings. But 
that is a question for the medical expert Anyway, the rats, in their migra- 
tions, have taken the plague with them from village to village. Villages in 
the neighbourhood of Bombay were not infected till the rats came ; and in 
the city of Bombay the plague followed the migration of the rats, first from 
east to west and then up the sides and centre of the Island, northwards. This 
circumstance will perhaps explain Dr. Blaney's figures which Mr. Latham has 
quoted. Mr. Snow, the able Municipal Commissioner of Bombay, held that the 
presence of rats probably nullified to an enormous extent the advantages to be 
derived from ordinary remedies. Dr. Henderson of Karachi has expressed the 
opinion that, in cases of importation of plague, the germ is probably too weak 
to inl'ect men at first, but is strong enough to attack rats, and men through 
theuL According to Dr. Haffkine, the virulence of the microbe is supposed to 
depend ' on its previous passage through a susceptible animal or man.' Perhaps 
this last consideration may explain the circumstance that, in the earlier stages 
of an epidemic, the plague is not so virulent as it is afterwards. In October 
1896-97 the percentage of deaths to seizures in Bombay was 70-96. In 
November it was 80*48 ; in December, 70*09. It rose in the two following 
months to 76*87 and 96*81, and then fell to 90*46 and 89*35, and then to 
72*99 and 53*84, at which figures it stood in May and June, when only 
sporadic cases occurred."] 

Mr. G. J. Symons concurred with the other speakers, and thought Mr. Latham's 
paper was worthy of great praise. Dr. Simpson half hinted that the plague 
might come to England, but he (Mr. Symons) thought not The dreadfully 
uncleanly conditions in which the natives of plague-stricken countries live seemed 
to him to be the cause of the trouble ; and until the natives and the Qovem- 
nient realised this, no improvement could be hoped for. Mr. Latham had 
shown that those who lived on the water (which itself was not over clean) 
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enjoyed complete immunity from the scourge. Oriental ideas differ widely 
from English ones, and with the advances of sanitation in this country he (Mr. 
Symons) felt sure that plague would find here no soil dirty enough for it to 
obtain a hold. 

Mr. R. Inwards remarked that in confirmation of the extract given by Mr. 
Latham as from the pen of Dr. Gideon Harvey, Physician to Charles II., there 
was a passage in that gruesome volume Defoe's History of the Great Plague in 
London, in which it was stated that the author had heard, though with doubt, 
that if a plague -stricken patient breathed on a piece of glass and this was 
examined with a microscope there might be seen ** strange, monstrous, and 
frightful shapes, such as dragons, snakes, serpents, and devils, horrible to 
behold.'' This, though a mere invention, taken in connection with Dr» 
Harvey's sagacious epitome of the causes of plague, might be looked on with 
interest now that science had adopted the bacterial theory of the origin of the 
pest 

Mr. H. M. BiRDWOOD said, in reference to the remarks made by Mr. Symons 
as to the insanitary state of Bombay, that mortality from diseases of the respira- 
tory system had undoubtedly increased in Bombay after the outlet for storm 
water from a large low-lying tract of the Island had been closed by the reclamation 
of the Flats, thus causing a rise of the surface level of the subsoil water. Mr. 
Latham had made this abundantly clear in his Report on the Sanitation of Bombayy 
with the contents of which he (Mr. Birdwood) had long been familiar ; and Mr. 
Latham's views had attracted public attention in Bombay during the first epidemic. 
The necessity for a complete system of effective drainage had been strongly im- 
pressed on the (Jovernmeut and the Municipality. It was much to be regretted 
that a measure of such vital importance had been delayed so long ; and other 
sanitary measures were also urgently needed. But these had not been lost 
sight of, and the responsible authorities were doing their best to overcome the 
difficulties of the complex problems they had to deal with. But though he had 
said all this, he would remind the Meeting that Bombay, judged by any 
sanitary standards attainable in Asia, was not an insanitary city. It was 
probably the cleanest and best kept city in Asia. Vigorous measures for the 
disinfection of streets and houses and drains, for the destruction of refuse, and 
the free admission of light and air into dwellings, were promptly undertaken by 
the Health Department of the Municipality at the very outset of the first epidemic. 
As observed by the Municipal Commissioner, every kind of measure known to 
science was tried at one time or another ; and never, in the course of history, 
had a rising epidemic of plague in a vast city been kept within such moderate 
bounds. During the later stages of the first epidemic, the requisite preventive 
and remedial measures were carried out under the immediate control of a 
special Committee presided over by General Gatacre, an officer of indomitable 
energy and unbounded resourcefulness, who conducted plague operations not 
only with vigour and ability, but with tact and patience also, and succeeded in 
effectually conciliating the people and overcoming all the opposition which had 
at one time been shown to measures for the repression of the plague. 

Mr. B. Latham, in reply, said that he had dealt only with plague in the 
paper, and recorded instances of plague in early times ; the one exception — the 
sweating sickness at York in 1551 — following very closely on the lines of 
plague. No doubt in those earlier years every epidemic was given the name of 
plague, but this paper only deals with bubonic plague. 
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November 15, 1899. 

Ordinary Meeting. 

Francis Campbell Bayard, LL.M., President, in the Chair. 

Stephen Campbell Bayard, Cotswold, Wallington ; 
John Chadwick, Bletchley ; 
Alfred Mander, Belle Vue Pharmacy, Malvern ; 
Charles Hubert Millard, 117 Fishergate, Preston ; 
Ernest Oxley, Melbourne Lodge, Clay Cross ; 

George Charles Walker, Jr., M.B., D.F.H., 19 Preston Road, Southport; and 
Capt Charles Louis Napoleon Wilson, Assoc. M.InstC.E., Bilston, 
were balloted for and duly elected Fellows of the Society. 

The following communications were read : — 

"The Diurnal Variation op the Barometer in the British Isles." 
By Richard H. Curtis, F.RMetSoc. (p. 1). 

"Note on Earth Temperature Observations." By G. J. Symons,. 
F.RS. (p. 27). 



December 20, 1899. 

Ordinary Meeting, 

Francts Campbell Bayard, LL.M., President, in the Chair. 

Augustus Francis Beaufort, 62 Montague Square, W. ; 
Herbert Stone Burbery, Trent House, Cowes, Isle of Wight ; 
Charles John Philip Cave, Binsted, Cambridge ; 
Robert Cheyne, D.P.H., Edgefield, York Road, West Norwood ; 
Edward Henshall, Assoc. M. Inst. C.E., Hartland House, Woolacombe ; 
Henry Heywood, J. P., Witla Court, near Cardiff; 
Douglas M*Dougall, Logan, Stranraer, Wigtownshire ; 
Henry Cecil Low Morris, M.D., Gothic Cottage, Bognor ; 
Henry Victor Prigg, AssocM.InstC.E., 63 Craven Avenue, Plymouth ; 
Lieut-Gen. John Sprot, Riddell, LiUiesleaf, Roxburghshire ; 
Frank Taylor, J.P., Ash Lawn, Heaton, Bolton ; 
William King Wilkinson, Jr., Middlewood, Clitheroe ; and 
Albert Wilson, 4 Eaton Road, Ilkley, 
were balloted for and duly elected Fellows of the Society. 

Mr. F. Gaster and Mr. M. Jackson were appointed Auditors of the 
Societ/s Accounts. 

The following communications were read : — 

"Note on a Remarkable Dust Haze experienced at Teneripfe, 
Canary Islands, February 1898." By Robert H. Scott, D.Sc., F.RS. (p. 33). 

" The Climatic Conditions necessary for the Propagation and Spread- 
OF Plague." By Baldwin Latham, M.InstC.E. (p. 37). 
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COEKESPONDENCE AND NOTES. 

Betirement of Dr. B. H. Scott, F.B.S., from the Meteorological Office. — 

The Secretary has received the following letter on this subject : — 

" Dear Sib, — At the end of the year 1 899, 1 had completed 33 years of service 
in this office, and 25 years of service as Secretary of the International Meteoro- 
logical Committee. 

"As I have already passed the age of retirement from Her Majesty's Civil 
Service, I have tendered to the Meteorological Council my resignation, to take 
effect as soon as the necessary arrangements can be completed on February 28. 

" I take this opportunity of expressing my heartfelt appreciation of the very 
cordial relations which I have enjoyed, during so many years, with all my 
colleagues at home and abroad, and my sincere regret at their official cessation. 

" My successor will be Mr. William Napier Shaw, F.R.S., Assistant Director of 
the Cavendish Laboratory, Cambridge, and I have every confidence in saying 
that my Meteorological colleagues will find him, in every way, a most valuable 
addition to their ranks. — Yours very sincerely, Robert H. Scott, Secretary. 

*' Meteorological Office, 63 Victoria Street, 
London, S.W., February 1, 1900." 

International Meteorological Congress, Paris, 1900. — The following 
particulars have been received of the Congress to be held in the autumn : — 

An International Meteorological Congress will be held at Paris from 
September 10 to 16, 1900. We hope that you will readily give it your adhesion 
and co-operation. 

The International Meteorological Committee, which met last year at St. 
Petersburg, decided that it would convene, at the same time as the Congress, the 
various Committees appointed by the Paris Conference in 1896. These 
Committees are the following : — 

Terrestrial Magnetism and Atmospheric Electricity. 

Aeronautics. 

Clouds. 

Radiation and Insolation. 

The first of these Committees held an important meeting last year at Bristol, 
the proceedings and resolutions of which have been published in the Reports of 
the British Association. 

A great number of ascents, both with free as well as captive balloons, have been 
made in different countries, for the systematic investigation of the upper regions of 
the atmosphere. 

Finally, the publication and discussion of the international observations of 
clouds, made in 1896-97, will probably be completed in 1900, in the majority of 
the countries taking part in the same. 

From these different points of view, we can confidently reckon on some com- 
munications of very high interest. 

The questions which the Congress will be called upon to deal with are not 
restricted exclusively to Meteorology properly so called : they will include, 
generally, everything which affects the physics of the globe. 

It appears to us that it will be premature to give just now a detailed 
programme of these different questions, and that it will be sufficient to indicate 
their general character by a provisional title. 

In order to facilitate the compilation of a definite programme, we should be 
much obliged if you would send us, as soon as possible, and, in any case, before 
May 15, your adhesion, with the list of the questions which you propose to deal 
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The meetings of the Congress and of the Committees will be held at the House 
of the Socidt^ d'Encouragement, 44 Rue de Rennes, where the International 
Conference met in 1896. 

The subscription is fixed at 20 francs (16s.). The payment of this sum will 
entitle the member to a ticket of admission and to the volume which will con- 
tain the proceedings of the meetings as well as the memoirs presented to the 
Congress. We hope that this publication will constitute a very interesting work 
for every meteorologist. 

The adhesions and communications relating to the organisation or to the 
programme of the Congress should be addressed to Mons. Angot, General Secretary, 
12 Avenue de TAlma, Paris. 

The subscriptions should be sent by post-office orders to Mons. Moureaux, 
Treasurer, 176 Rue de TUniversit^ Paris. — E. Mascart, President ; A. Angot, 
General Secretary, 

Solar Halos and Mock Suns, January 11, 1900. — We have received a 
number of letters giving an account of the brilliantly coloured solar halos and 




Solar Halos and Mock Son, January 11, 1900. 



The phenomenon was- visible 
Several correspondents have 



A. 



mock suns which were seen on January 1 1, 1900. 
over the greater part of the south-east of England, 
sent coloured sketches and drawinga 

The following letters from Mr. R B. Knobel, F.RA.S., and Mr. W. 
Macknight are of interest, and fully describe the phenomenon : — 

Mr. E. B. Knobel says : '^ I send you a sketch of compound sun halos 1 saw 
this morning. The curious feature seems the second halo circumscribing the 
primary one. I carefully measured the radius of each halo, which as usual was 
22* for the primary and 44° for the circumscribing one. 1 should have expected 

H 
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tliis Utter to hare been really portionB of halos round mock sons east, west^ and 
north of trae stm. Bat the arcs seemed to be parallel with the primary halo ; 
<mlj one trae mock son was risible to the west The arcs touching externally 
the primary and secondary halos were of the same radius as the primary 
hala That marked A6 was brilliant in colour — far more so than any other 
part." 

Mr. W. A. Macknight says : ^ I also observed the phenomencm on January 
11, while waiting in Wallington Station for the 9.22 am. train, and I think 
you will be interested in comparing the conditions attending this instance with 
my obeeirations of many similar phenomena which occurred every winter during 
my fourteen years' residence in the Central States of the UJSJL 

^On January 11, the sun shone brightly until 8.30 a.m., when a bank of 
presumably sea fo^, which had been hanging over the southern horizon, commenced 
to rise, and soon the whole sky was overcast Between 9.20 and 9.30 a.m. the 
sun, though feeble, was still visible, and in shining through the mist clouds caused 
the pnsniatic effect which we observed to the right and left and above and below 
the sun ; the sun dogs being connected to each other by, and forming part of^ a 
visible halo ; the centre of each dog being separated from the centre of the next 
by 90*, those to the sides of the sun being brightest ; the sun being at an altitude 
of about 45*. 

"A phenomenon of this nature is termed a * Sun Dog,' and is entirely due to the 
presence of vapour or mist clouds, never occurring in a clear sky. The dog may 
vary slightly in length and breadth, but never in its relative position to the sun, 
tM taking the sun for the centre of a circle, the dog always appears at the points 
where a vertical and a horizontal line passing through the centre of the sun 
would meet such a circle. The side of the dog facing the sun is always concave, 
forming an arc of a sometimes visible, but most firequently invisible, circle or halo 
round the sun. The dogs on either side of the sun may appear together, or one 
alone may appear ; but I have never seen a dog above or below the sun without 
it being accompanied by one on each side of the sun, those to the sides always 
being brightest I have always noticed with this phenomenon that the sun is at an 
altitude of about 45*, from which I consider the effect to be due to the perspective 
from the point of obsen*ation causing a particular focus of the sun's rays ; and 
as I have never obser\*ed the phenomenon except in the winter months I think, 
that not only a peculiar condition of cloud and temperature is necessary, but that 
it is due to the low position of the sun during the winter. I have also on rare 
occasions seen * Moon IK^Sw* 

^* The mock sun is a similar phenomenon in many respects, and takes the same 
relative position to the sun as the sun dog ; but in form it differs, as it always 
forms a complete circle, — sometimes hollow, sometimes an exact reproduction 
of the sun's surface, — but it always appears to be of the same diameter and colour 
as the face of the sun. This phenomenon is accotnpanied by intense cold : it is 
much less frequent than the dog, but I have observed several, the best being in 
January 1888, the thermometer being down to 30"* below zero at the time, when I 
observed four mock suns with hollow centres, a circle of golden light joining the 
four together and short horizontal lines passing through the centre cf the mock 
suns to the right and left of the real sun, while a short vertical line passed 
through the centre of those above and below the sun. 

^ As the sun dog only ap()ears in a cloudy sky, and forms a prismatic segment 
of a halo, I am of the opinion that it is caused by the sun shining through 
vapour. The mock sun is not prismatic ; it occurs in a clear sky, with an 
extremely low temperature and rarefieil atmosphere, and since it is a more or 
less perfect reproduction of the sun, it i*, I believe^ purely a mirage. Certainly 
each of these phenomena is produced under entirely different atmospheric 
amditKna^" 
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EECENT PUBLICATIONS. 

Maryland Weather Service, The Aims and Methods of Meteorological Worh 
By Cleveland Abbe. Special Publication. Vol. I., Part IIIa. 
Baltimore, 1899. 8 vo. 11 2 pp. 

This elaborate and comprehensive report by Profl Abbe was prepared at the 
request of Prof. W. B. Clark, and is suggestive of new lines of work for the 
Maryland State Weather Service. The author says : " As the weather and the 
climate enter intimately into every aspect of human life, the field that is before 
us is one of exceeding great extent, and probably no single weather bureau need 
attempt to compass the whole. The principal applications of meteorology to 
which we must call attention at present are those concerning hygiene, agricul- 
ture, commerce, and the mechanical arts.'' Prof. Abbe divides his report into 
three sections, viz. Dynamic Meteorology and its Applications ; Climatology and 
its Aims and Methods in relation to agricultural and other interests ; and 
Observational Appliances and Methods. 

Meteorologische Zeitschrift. Redigirt von Dr. J. Hann und Dr. G. Hell- 
MANN. December 1899. 4to. 

The principal articles are : — ** Die Bekampfung der Frostgefahr '* : von Dr. 
W. Trabert (11 pp.). This is an attempt to introduce a general system of 
producing smoke to shelter crops from spring frosts. Dr. Trabert points out 
that in some communes in Germany every farmer who did not light a fire, on 
a signal being given, was fined. The fires are made of brushwood and weeds, 
and should be laid at reasonably regular intervals over the farma Dr. Trabert, 
however, suggests one simple precaution when frost appears likely, and that is 
to water the fields copiously so that the ground shall be saturated at night- 
fall — "Der Einfluss der Warmeschwankungen des Norwegischen Meeres auf 
die Luftcirkulation in Europa " : von Dr. E. Lesshaft (7 pp.). This is an 
attempt to prove that the variations in the surface temperature of the North 
Sea govern the frequency and the paths of cyclones over Europe. — "Zur 
taglichen Periode der Windgeschwindigkeit" : von G. Hellmann (9 pp.). This 
is an investigation into the hourly wind tabulations, in order to test the 
question of the influence of height on the curve. The records examined are 
Potsdam, Magdeburg, Prague, Borkum, and Rome. Dr. Hellmann shows how 
the retardation in the hour of maximum increases with elevation. But he 
admits that we do not yet know to what level of the atmosphere the phenome- 
non of a night maximum, instead of the day maximum at ground level, extends. 
The paper is, however, very wpll worth careful reading. 

Monthly Weather Review, Prof. Cleveland Abbe, Editor. Prepared 
under the direction of Willis L. Moore, Chief U.S. Weather 
Bureau. August — November 1899. 4to. 

Among the reports and contributions are the following articles : — " The 
West Indian Hurricane of August 7-17, 1899" (4 pp.). — "Conduct and the 
Weather" : by E. G. Dexter (1 p.). — " Automatic Records of a Thunderstorm" : by 
H. H. Kimball (3 pp.).—" Thunderstorms on August 2, 1899 " : by A. J. Henry 
(2 pp.). — "Floods and Flood Problems": by H. C. Frankenfield (4 pp.). — 
"Preliminary Results of Weather Bureau Kite Observations in 1898 " (2 pp.). — 
" The Average Temperature of the Atmosphere " (3 pp.). — " The Sluggishness 
of Thermometers " : by G F. Marvin (4 pp.).-—" The Rain Gauge and the Wind " 
(4 pp.). 
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Practical Exercises in Elementary Meteorology, By Robert DeCourcy 
Ward. Boston, 1899. 8vo. 199 pp. 

This work is intended for use in schools. The author in the preface says : 
'* The advance of Meteorology as a school study has been much hampered by 
the lack of a published outline of work in this subject which may be under- 
taken during the school years. There are several excellent text-books for more 
advanced study, but there is no laboratory manual for use in the elementary 
portions of the science. In many secondary schools some instruction in 
Meteorology is given, and the keeping of meteorological records by the 
scholars is every year becoming more general There is yet, however, but little 
system in this work, and, in consequence, there is little definite result. The 
object of this book is to supply a guide in the elementary observational and 
inductive studies in Meteorology. This manual is not intended to replace the 
text-books, but is designed to prepare the way for their more intelligent use. 
Simple preliminary exercises in the taking of meteorological observations, and 
in the study of the daily weather maps, as herein suggested, will lay a good 
foundation on which later studies in connection with the text-books may be 
built up.** 

The book contains specific instructions to the student as to the use of 
instruments ; the carrying out of meteorological observations ; the investiga- 
tion of special simple problems by means of the instruments ; and the practical 
use of the daily weather maps. The appendix contains explanatory notes and 
suggestions for the teacher, which might be useful in directing the laboratory 
work of the clasa. 

lirjHnrt of the British AssociaHon for the Advancement of Science. 1 899. Svo. 
This volume contains the following reports and abstracts of meteorological 
pA|)ert : — " Meteorological Observatory, Montreal " (1 p.). — " Meteorological 
OlMH^rvations on Ben Nevis" (6 pp.). — **The Climatology of Africa " (12 pp.).— 
** Seismolo^ical Investigations ** (77 pp.). — " Photographic Meteorology " (1 p.)L — 
" Pn>gro5W in Exploring the Air with Kites": by A. L. Rotch (1 p.). — "The 
•» Hyan>-Aorograph ■* : by F. N. Denison (2 pp.).— "The rainfall of the South- 
ouHttirn (-ouuties of England": by J. Hopkinson (2 pp). — "Seismology at 
MauritiuH" : by T. F. Claxton (1 p.\ 

SymoM*s MontMy Meteiyrological Maffozine. October — December 1 899. 8vo. 

Tho ]»rincij>al articles are : — " Meteorolc^ical Extremes. II. Temperature " 
(H pp.). This is a continuation of a series of articles giving extremes of pressure, 
tiMupitraturts etc. In Uiis article the editor deals with temperature. — ** The Moon 
ill ivlutitni tt> Air TemjH»rature " : by H. A. Hazen (2 pp.). — " Trees and Change 
iif Toinporntun* *' : by H. A. Hazen (1 p.). — ''Results of Meteorological Obeerva- 
tlniiH nt (Vmdon Snuans for 40 years 1858^7" (3 pp.).— "The British 
AHMonlation iit Dover " (4 pp\ This article gives the titles and short notes on the 
iimtimrtilogionl n>j>i^rU and })a}^rs read at the Meeting of the Association. — 
••Hiiiokofog and Maximum Temperature": by A. Wilson (1 p.). — "Flood in 
( 'h|h« Town '• [\ ]\\ A rtiHxl occurred at Cape Town, and in the Worcester and 
Wm« Itlvor di»trietm on August 6, 1899. The streets of Cape Town appear to 
liHVK liiid nUiut A foot of water, while outside the town a tramway track and 
tint railway, at luoiv than one place, were washed away. The rainfall at the 
ttnyul ()l»i«orvutt»ry. tViuu July 31 to August 6, was 5*31 ins.; and at Wynberg 
mil, from Au^uM I to 10. was 7-58 ins. — **A Wet Period, October and 
Niivmiibor I HUU *' (I ]»A ** The Moim and the Weather " : by A. R MacDowall 
( I ji.). •• Tho A lmi« of Meteorology *' ^4 pp,\ This article is a review of " Report 

' M»i»MMH»lon\- of Maryland. IWt III."—" Lightning at Dinner" (2 pp.). 
Alid M«»teon»logy'": by W, A. Eddy (1 p.). 
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I HAVE long thought that the method at present in vogue of discussing 
a long series of meteorological observations — and after all it is the long 
series that is most valuable — by simply taking a mean of the whole 
period and then extracting the absolute extremes, was utterly inadequate 
to express the salient features of such observations; and with this 
view I have, for my Address to-night^ attempted to discuss the well- 
known meteorological observations of Greenwich Observatory in, I 
believe, an entirely new way. For the original idea of this new way, 
I am indebted to two short tables compiled by Mr. W. Marriott, the 
one on the Barometer (see Quarterly Journal, vol. vii. p. 57) and the 
other on Rainfall (see Quarterly Journal, vol. xxiv. p. 44). A comparison 
of these tables with the tables contained in this Address will, however, 
show that the tables in this Address contain much more information. 

The Royal Observatory at Greenwich is situated on the rising 
ground in Greenwich Park, about six miles south-east by river from 
London Bridge. Its elevation above sea-level is about 157 feet, and it 
forms a very conspicuous object both from the river and the surround- 
ing district. The Magnetical and Meteorological Department of the 
Olwervatory was founded in 1838, soon after the appointment of Sir 
G. B. Airy as Astronomer-Royal. It is about 170 feet south-south-east 
of the south-east Dome, and on the east stands the Library erected in 
1881. "The situation is," as Mr. Inwards remarked in his Presidential 
Address in 1896, ''much too confined, though the surrounding buildings 
have been erected since the Department was formed." The photograph 
which is shown on the screen, and which was taken in the year 1871, 

I 
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• •• 

shows how cIqS^I^ the situation is enclosed by trees. Probably, as trees 

have a ha.bjb' pi 'growing, the situation was much more open when the 

Departmdn£;*commenced work in 1840. Sir O. B. Airy had as his 

Supeilntendents of this Department our Past Presidents Mr. James 

aV»hQ«; F.R.S., and Mr. William Ellis, F.RS. Sir G. B. Airy retired 

.•\h;*lir81, and was succeeded by the present Astronomer- Royal, Mr. 

••W*'H. M. Christie, F.R.S., whose Superintendents have been Mr. William 

:•. Ellis and Mr. W. C. Nash. 

In September 1898 the new Magnetic House, which had been erected 
in Greenwich Park about 350 yards east of the Observatory, was 
completed. It is situate in an open space in the Park, and has sufficient 
ground attached to it for an exceedingly good meteorological station. 
It is most earnestly to be hoped that duplicate instruments will be 
placed in the new ground, and read against the old ones in the 
Observatory ground, for such a length of time as may be thought 
necessary, in order to compute the differences between the old and new 
stations, so that there may be no break in continuity. 

The Standard barometer to which all the observations are referred is 
the Newman barometer, which was mounted in 1840, and the tube has a 
bore of -565 inch. The action is practically the exact reverse of the 
Fortin pattern, viz. for the purpose of getting the zero, the ivory point 
is screwed down to the mercury in the cistern, which is fixed ; instead 
of the mercury in the cistern being screwed up to the ivory point, as in 
the Fortin. When the ivory point and the mercury meet, or nearly 
so, the reading is taken by the vernier in the ordinary way. This 
barometer is used for checking the records from the photographic 
barometer. The photographic barometer is so exceedingly difficult to 
describe that I shall merely confine myself to saying that it is the 
representation by means of photography, on a cylinder turned by a 
clock, of a beam of light from a slit in a mica plate connected with a 
siphon barometer. 

With respect to the thermometers, I find that in the early years the 
Rutherford maximum, which has for an index a piece of blue steel wire, 
was used until the invention of the Negretti maximum thermometer, 
which came out at the Exhibition of 1851, and was subsequently used. 
The Rutherford minimum, a very old good pattern I presume, has been 
used throughout. The dry and wet-bulb thermometers call for no 
remark, being merely good instruments accurately divided. 

The thermometers are exposed on the Glaisher stand. This is a 
revolving frame, fixed on a vertical axis, consisting of a horizontal board 
as base, of a vertical board projecting upwards from it and connected 
with one edge of the horizontal board, and of two parallel inclined 
boards (separated about 3 inches) connected at the top with the vertical 
board and at the bottom with the other edge of the horizontal board : 
the outer inclined board is covered with zinc, and the air passes freely 
between the two boards. The thermometers are mpunted on the 
vertical board, the dry and wet being in the centre, the maximum and 
minimum on the left, and certain other thermometers on the right. A 
small projecting roof shelters the instruments from rain. The frame is 
turned several times a day, so as to keep the inclined side to the sun. 
In 1878 a circular board 3 feet in diameter was fixed on the supporting 
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post, beneath the frame, to protect the thermometers against radiation 
from the ground ; but the effect of radiation, with the board removed, 
was found, by experiments in 1886, to be insensible. 

Osier's anemometer has been in use during the whole period, and 
the directions of the wind are obtained from it. It is fixed above the 
north-western turret of the old part of the Observatory. For the 
direction of the wind a large vane, from which a vertical shaft proceeds 
down to the registering table within the turret, gives motion by a pinion 
fixed at its lower end to a rackwork carrying a pencil. This pencil 
marks a paper fixed to a board moved horizontally by a clock in a 
direction transverse to that of the motion of the pencil. The paper has 
lines corresponding to the positions of N., E., S., and W. of the vane, 
with transversal hour lines. The vane is 25 feet above the roof of 
the Octagon Koom, and 215 feet above mean sea-level. I do not pro- 
pose to describe the arrangements which are attached to the Osier's 
anemometer for ascertaining the pressure of the wind or for measuring 
the rainfall. 

The rain-gauges Nos. 6, 7, and 8 are the gauges used for the rain 
measurements. They are 8-inch circular gauges placed south of the 
Magnetical Observatory with their rims 6 inches above the ground. No. 6 
is the old daily gauge, No. 7 the old monthly gauge, and No. 8, an 
additional gauge, which was brought into use in July 1881 as a check on 
the other two. On November 6, 1894, gauge No. 8 was shifted 61 feet 
eastwards. Gauge No. 6 is read at 9 a.m., 3 p.m., and 9 p.m., and 
Nos. 7 and 8 at 9 a.m. All the gauges are read at midnight on the 
last day of the calendar month. 

The above particulars as to situation, personal establishment, and 
instruments I have, of course, obtained from the various volumes of 
Greenwich observations. 

The meteorological records of the Observatory have been many 
times investigated, but, as far as I can find out, have never yet been 
discussed as a whole. The Greenwich authorities have themselves 
issued three separate volumes (I think that I may call them by this 
title), as follows : — 

1. In the Greenwich volume for 1860 there is a supplementary 
appendix which gives the monthly means from 1848 to 1853 of 
Pressure, Temperature, Moisture, and Eain, and also a monthly state- 
ment of days of Wind from 1841 to 1860. 

2. In 1878 there was- issued A Beduction of TtoerUy Years' Photographic 
Records of the Barometer and Dry-bulb and Wet-bulb Thermometers^ and 
Twenty-seven Years' Observations of the Earth Thermometers ; and 

3. In 1895 there was issued Temperature of the Air as determined from 
the Observations and Records of the Fifty Years 1841 to 1890. 

All these discussions deal with mean values only. 

Then, again, we have in our own Transactions several separate papers 
on different portions of these records, which I shall enumerate very shortly. 

By our Past President, Mr. James Glaisher, F.R.S., we have nine 
separate papers, viz. : — 

1 . On the Determination of the Mean Temperature of every Day in the Year, 
from all the Thermometrical Observations taken at the Royal Observatory, 
Greenwich, from the Year 1814 to the end of 1866 {Report^ 1857, p. 66). 
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2. On the Determination of the Mean Pressure of the Atmosphere on every 
Day in the Year, as deduced from all the Barometrical Observations taken at the 
Royal Observatory, Greenwich, from the Year 1841 to 1858 (Reparty 1859 and 
1860, p. 11). 

3. On the Direction of the Wind at the Royal Observatory, Qreenwich, in 
the Twenty Years ending 1860 {Proc, I p. 21). 

4. On the Mean Temperature of every Day, from all the Thermometrical 
Observations taken at the Royal Observatory, Greenwich, from the Year 1814 
to the end of 1863 (Proc, ii. p. 327). 

5. On the Frequency of Rain at different Hours of the Day, in the several 
Months and Seasons of the Year (Proc, iv. p. 33). 

6. On the Fall of Rain at different Hours of the Day, in the several Months 
and Seasons of the Year {Proc, iv. p. 113). 

7. On the Fall of Rain on every Day in the Year, from Observations extend- 
ing from 1815 to 1869 (Proc. v. p. 87). 

8. On the Direction of Wind at the Royal Observatory, Greenwich, in the 
Ten Years ending December 1870 (Q. J. i. p. 1). 

9. On the Mean Temperature of every Day, from all the Thermometrical 
Observations taken at the Royal Observatory, Greenwich, from the Year 1814 
to the end of 1873 (Q. J, iii. p. 198). 

By our Past President, Mr. H. S. Eaton, we have two separate 
papers, viz. : — 

1. The Average Height of the Barometer in London for Eighty-three Years 
(Proc. i. p. 273) ; and 

2. The Mean Temperature of the Air at Greenwich, from September 1811 
to June 1856 (Q. J. xiv. p. 15). 

By our Past President, Mr. W. Ellis, F.R.S., we have eight separate 
papers, viz. : — 

1. Note on the Mean Relative Humidity at the Royal Observatory, Green- 
wich (Q. J. iv. p. 194). 

2. On the Greenwich Sunshine Records, 1876-80 (Q. J. vi. p. 126). 

3. The Presidential Address on January 18, 1888, which included a 
Discussion of the Greenwich Observations of Cloud during Seventy Years 
ending 1887 (Q. J. xiv. p. 173). 

4. On the Relative Prevalence of Different Winds at the Royal Observatory, 
Greenwich, 1841-89 (Q. J. ivi. p. 221.) 

5. On the Mean Temperature of the Air at the Royal Observatory, Green- 
wich, as deduced from the Photographic Records for the Forty Years from 
1849-88 (Q. J. xvil p. 233). 

6. The Mean Temperature of the Air on each Day of the Year at the Royal 
Observatory, Greenwich, on the Average of Fifty Years, 1841-90 (Q. J. xviii. 
p. 237). 

7. The Mean Maximum and Mean Minimum Temperature of the Air on 
each Day of the Year at the Royal Observatory, Greenwich, on the Average of 
the Fifty Years 1841-90 (Q. J. xix. p. 211) ; and 

8. Mean Amount of Cloud on each Day of the Year at the Royal Observatory, 
Greenwich, on the Average of the Fifty years 1841-90 (Q, J. xxii p. 169). 

Lastly, I must not forget to mention the Presidential Address in 
1896 of our Past President, Mr. Inwards, on "Meteorological Observa- 
tories," which included a somewhat minute description of the Royal 
Observatory, Greenwich. 

All these separate papers, however, deal with mean values only. 
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Having thus briefly referred to the situation, establishment, instru- 
ments, and former discussions, I shall now proceed to describe the work 
on which I have been engaged for several months. 

I carefully examined the different Greenwich volumes, and decided 
to begin my work with the year 1848, because in that year the 
authorities commenced to take readings four times a day, owing, in all 
probability, to the then impending commencement of photographic regis- 
tration, and to continue it on to the end of 1898 — a period of 51 years. 
I should have liked to have taken in last year, but found it impossible 
to do so. 

So far as I am able to judge, the observations appear throughout 
this long period to have been taken with great care, and to be worthy 
in all respects of the great Observatory at which they were made. 
The sets of observations that I have been able to deal with are six in 
number, viz. : the barometer, the maximum thermometer, the minimum 
thermometer, the relative humidity, the rainfall, and the direction of 
the wind. It has been a matter of regret to me that the observations 
of wind-force are in the earlier years fragmentary, and in the later years 
tainted with the difficulty of the question of the factors, so as to be 
practically useless for my purpose, and that the cloud observations have 
never been printed so as to be of use to me. I regret the loss of these 
two sets extremely, as they cause this new discussion to be incomplete. 

The number of days dealt within these 51 years are : — 



January 

March 

May 

July 

August 

October 

December 



Each 1581 days. 



April 
June 

September 
November. 



Each 1530 days. 



February, 1441 days. 



The method of dealing with the records was as follows : 
Columns were ruled for the highest, lowest, and mean values of each 
month ; and then a scale was formed in columns, in which were put the 
actual number of observations corresponding to the scale of days — 31, 
30, 28, or 29, as the case may be — for each month, and each year. At 
the end of the 51 years the columns were added up and means taken of 
the first three columns, viz. the highest, lowest, and mean, but no 
means or percentages were taken of the other columns. On the com- 
pletion of these working tables, the six tables accompanying this 
Address were extracted from them, and from these tables the diagrams 
(Plates II.-VII.) have been constructed on a novel plan, which I think 
will prove very instructive. 

I shall now take each of the six elements separately. 

Baromder^ 

The readings are the mean daily value of 4 readings per diem till 
the end of 1876, then of 24 readings per diem till the end of 1896, 
then again for the last two years of 4 readings per diem. In every 
case the readings have been brought to two places of decimals by 
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throwing up '01 in. where necessary, and they have in every case been 
reduced to sea-level by adding a fixed correction of '17 in. The higheit 
and lowest values are the highest and lowest mean daily values redacii 
to sea-level. 

On examining Table I. it will at once be noticed that the absolato 
highest and lowest values have occurred in the month of January ; bat 
when we look at the columns of mean values, we see that^ though the 
highest mean value occurs in January, the lowest mean value occurs in 
November, the next lowest being in January. Let us now consider the 
question of the different seasons, and their influence — I presume thftt I 
may say so— -on the question of range. If we take the absolute valuei^ 
we note that in January the range is 2'40 ins., in April r69 in., in July 











TABLE I.— Greenwich Observations, 
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r25 in., and in October 1*88 in. ; we see therefore that in the absolute 
values the range in summer is very nearly one-half that in winter, and 
that the range in autumn is about '50 in. greater than that in spring. 
The column of mean values bears this statement out. In January the 
difference is r27 in., in April '96 in., in July '70 in., and in October 
ri5 in. This result is of considerable importance, and it will be 
interesting to know whether the same feature is to be observed in the 
other elements which will be taken later on in this Address. And with 
reference to the " means " it appears to me that we may fairly conclude 
that, when the barometer either rises above the mean of the highest or 
sinks below the mean of the lowest, the reading is extraordinarily high 
or low as the case may be. The rest of Table I. is exhibited in the 
diagram (Plate II.), which was formed as follows : the centre line is 
taken as zero, and the lines on either side represent 100, 200, and 300 
days. The figures, represented by solid lines, were equally divided on 
each side of the centre lino, according to the scale which is given at the 
sides of the diagram. When all the solid lines were drawn, the thin 
line was put round their extremities to catch the eye. If we now 
examine the diagrams month by month we shall notice that the 
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peculiar top shape of the January diagram is gradually flattened both 
top and bottom about the mean line on the scale 30*09-29*90 ins., the 
range gradually becoming less and less until we come to the July 
diagram, and the very extraordinary flat-topped August one, after 
which the range extends upwards and downwards rather rapidly until 
we have the December diagram, which is similar to the January one, 
though not quite so high. 

Temperature. 

The maximum temperature, the minimum temperature, and the 
relative humidity have been treated in a similar way to the method 
adopted in the case of the barometer, so that there is no necessity to 
describe it. 

Maximum Temperature. 

If we examine Table II. carefully we shall notice a somewhat 
difiTerent state of things to what we saw in Table I. relating to the 
barometer. Here we note that whilst the lowest absolute maximum 









TABLE II.— Greenwich Observations, 
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occurred in January, viz. 19°*0, the highest, 97°'l, Occurred in July ; and 
we shall also note that in January, February, November, and December 
the lowest absolute maximum was considerably below the freezing-point. 
When, however, we come to consider the influence of the seasons and 
the question of range a very different state of things is represented. If, 
in the first instance, we take the absolute values we note that the range 
in January is 37°-5, in April 45°-2, in July 43°-2, and in October 42°-0. 
We see, therefore, that there is the greatest range in the spring, the 
range in April being T"'! greater than in January, 2'''0 greater than in 
July, and 3°*2 greater than in October. When, however, we turn to 
the columns of mean value we see that the above statement is not quite 
borne out. In these columns the range is: in January 21'''7, in April 
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24°*7, in July 23°'2, and in October 21*'*7, showing that the range in 
January and October are alike, and S'^'O below that of April, whilst the 
range in April is greater than that of July by V'6. And lastly, as in 
the case of the barometer, I think that we may very fairly conclude 
from the columns of mean values that where an individual reading is 
above the mean of the highest or below the mean of the lowest it is 
extraordinarily high or low as the case may be. 

With reference to the rest of Table II., which is graphically shown 
in the diagrams (Plate III.), we have an extraordinary form, something 
like a cup with a lid to it, which gradually expands and rises upwards 
during the months of February, March, April, and May. In June it 
commences to flatten out, a process which reaches its maximum in July, 
after which it gradually descends the scale, still, however, considerably 
flattened out, and even in December, though it is somewhat like its 
January shape, it has not yet come to its normal winter condition. 

Minimwm Temperature, 

On looking over the absolute values in Table III. we note a fact 
which may be of some significance, viz. that the absolute lowest, viz. 6*^*6, 
occurs in January, as in the case of the barometer and the maximum 
temperature, whilst the absolute highest occurs in August, and not in 
July as in the maximum temperature. Table II. It will also be noted 
that in only June, July, and August are we perfectly sure that we shall 
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not have a frost. When, however, we examine the columns of absolute 
values and mean values in order to trace the influence of the seasons on 
the range we find this result : in the " absolute " columns the range is 
in January 45°-l, in April 27*'-7, in July 27*'-4, and in October 34*^-8, 
showing a state of affairs very similar to that which appears in the baro- 
meter, Table I. If we now turn to the " mean " columns we have this 
result, viz. that the range in January is 23°'6, in April 18°-7, in July 
14°-9, and in October 22°*4. This also is very similar to the range of 
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ihe barometer in Table I. I need hardly say that this shows a state of 
filings very different from what has been shown in the maximum tem- 
Mrature, Table II. Lastly, with reference to the columns of means we 
Bay again fairly say that where a reading is above the mean of the 
lighest or below the mean of the lowest, it is extraordinarily high or low 
m the case may be. The rest of Table III., when graphically exhibited 
Plate IV.), shows a distinct difference in the diagrams from those of 
lie maximum temperature. The shape is somewhat similar to the top 
bape of the barometer diagram, but more angular. It gradually rises, 
Ad at the same time begins to flatten out, the flattening becoming 
(Ztremely noticeable in April, and becoming more exaggerated until 
re have the extraordinary shape of the July diagram, to which the 
Lugust diagram is very similar. After August the diagram gradually 
inks down the scale, but still somewhat flattened out in every month 
rith the exception of November, where the diagram has a somewhat 
t)und, even, appearance. 

Relative Humidity, 

This element has occasioned me much trouble and labour. The 
laily values had not been calculated prior to November 1857, though 
he mean monthly values had. I had thus to calculate the daily values 
rom January 1, 1848 to October 31, 1857, which I have done by 
lividing the elastic force of the dew-point by the elastic force of the 
nean daily temperature, using Crelle's Tables, The original calculations 
have placed in the library of the Society. The lowest relative humidity 
•ecurred in December 1855, when there was a day of extremely low 
emperature. I do not doubt the figures printed, but may I not ask 
hat they be properly verified, for it seems to me that a relative humidity 
Q December of 34 must be nearly if not quite unique ? The next lowest 
elative humidity is 43 in May 1868, which I believe is accurate, the 
ame having been well investigated, as was also the reading of 44 in 
Lpril 1870. I have omitted the absolute maximum column, as I found 
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that it was 100 in every month; but I regret that I omitted to calculate the 
mean maximum column, though it must be obvious that it must amount 
to very nearly 100 in every month. The range in the mean columns 
cannot therefore be shown ; and, having regard to the difficulties created 
by the exceedingly low readings in the absolute columns, it is probably 
not advisable that it should be given, as it might be erroneous. It is 
rather remarkable that the mean of the lowest values in May, June, and 
July should be the same, viz. 59. It is also remarkable that the highest 
mean of the lowest, viz. 73, should be in November, in which month also 
occurred the highest value in the absolute lowest column, viz. 61. The 
rest of Table IV. is graphically represented (Plate V.). December is the 
month in which the maximum reading occurs the greatest number of 
times. Great difficulty is occasioned by the low reading of 34, which I 
have represented by a dot. If we carefully look at the diagrams, we see 
that the reverse of what we saw in the barometer maximum and mini- 
mum temperature holds good, viz. that in the summer time the figures 
are expanded instead of being flattened and contracted, as for instance 
in June. The result is curious, and is well worth greater attention than 
can be given at the present time. 

BainfcUl. 

The rainfall has caused a good deal of trouble, for from 1848 to 
1876 it was tabulated to two places of decimals, and after that date to 
three places. These three places have been throughout reduced to two 
by throwing up '01 where necessary. There has been no month with- 
out rain ; and the smallest number of rainy days in any month was 
in September 1864, when the number of days amounted to 1. The 
comparative smallness of the falls has also astonished me ; for there has 
in the 51 years been only 1 fall, viz. July 1867, of over 3 ins., and only 
4 others over 2 ins. The absolute and the mean columns explain them- 
selves. With respect to the other columns which are graphically 
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illustrated I should like particularly to call attention to the scale at 
the sides of the diagrams, which it will be noticed does not descend 
by equal steps. The total number of rainy days appears in the 
column headed "No. of Days," and it will be noticed that in no 
case does it amount to half the number of days in the month. I shall 
now say a few words about the diagrams (Plate VI.). The curious 
bottle-shaped arrangement will be noticed, and it will be observed that 
the capacity, so to say, of the bottle depends not so much on its height 
as on the length of the two lowest lines ; the lowest line being longest in 
January and smallest in May, whilst the next line is longest in January 
and shortest in July when the bottle reaches its maximum height. The 
number of small falls and the paucity of large ones, an inch and above, 
is particularly noticeable. In April, May, June, and November the 
number of falls of over *50 in. and under *75 in. is well shown. 

Direction of Wind. 

This table, which is graphically illustrated in the diagrams, Plate VII., 
does not call for much remark. The great excess of South-west winds 
in July and August is especially noticeable, and the number of calm 
days in August, September, and October should be carefully considered. 
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The great prevalence of North-east winds in April and May is well 
shown, the number closely approximating to the number of the South- 
west winds. 



The above enumeration completes the work of this new discussion, 
and it is a matter of regret to me that it is not possible to have the 
" Force of the Wind " and " The Amount of Cloud " to add to it, as I 
cannot help thinking that many points which are now obscure would be 
elucidated. The great feature which I wish to emphasise is the peculiar 
flattening of the diagrams of the barometer and the maximum and 
minimum temperatures in July and August, the roundness of the 
relative humidity diagrams in the same two months, and the great 
excess of South-west winds in the same period. 
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In conclusion, I desire to tender my thanks to the Astronomer-Royal, 
and to Mr. Nash for their willing help, to Mr. Jeffries for the loan of a 
number of slides illustrating the Royal Observatory, and to Mr. Marriott 
for kindly making the other necessary lantern slides and aiding me in 
other ways. 



Atlas of Meteorology. — Messrs. J. Q. Bartholomew and A J. Herbertson 
have recently prepared and published a large and elaborate Atlas of Meteorology 
which contains a series of over 400 maps. The whole work has been edited by 
Dr. A Buchan, who has also written the Introduction. 

The maps deal with Climate and Weather. 

The Climate Maps include : — 

1. Isotherms, showing the seasonal and annual distribution of temperature 
over the world, to which are added in fuller detail maps of isotherms in countries 
such as the British Isles, Europe, Canada, United States, India, Cape Colony, 
and Australia. The lines show mean, isanomalous, and extreme temperatures. 

2. Isobars and Arrows, showing the distribution of barometric pressure and 
winds. 

3. Isotherms and Isobars in their relations to each other, as shown by 
the respective changes from month to month, and by the deviations from their 
averages during unusually warm and cold weather. 

4. Isohels, showing the annual distribution of sunshine over Europe and 
North America. 

5. Isonephs, showing the annual and monthly distribution of cloud over the 
globe. 

6. Isohyets, showing the annual, seasonal, and monthly distribution of rain 
over the globe. 

7. Maps of Hyetal Regions and the Seasonal Distribution of Rain. 

8. Isobars and Isohyets, showing monthly and annual distribution of 
barometric pressure and rainfall as related to each other for various countries. 

The Weather Maps include : — 

1. Maps showing the pressure conditions and, in some cases, the accompany- 
ing temperature and rainfall in abnormally hot and cold seasons and months in 
different regiona 

2. Maps showing the pressure conditions producing different types of winds 
and weather, accompanied by maps of other weather conditions. 

3. Maps showing the distribution of pressure and winds in typical storms of 
all kinds. 

4. Maps showing the tracks of the storms and the distribution of storm 
frequency. 

5. A series of maps showing typical distributions of deviations from the 
normal monthly pressure. 

In all the maps the metric system has been systematically employed, in 
conjunction with the usual English scales. Uniform gradations of distinctive 
colouring for the various meteorological phenomena have been strictly adhered 
to ; thus avoiding confusion and facilitating comparison. 

A map showing, by colouring, the distribution of meteorological stations of all 
orders is given as the frontispiece. The number of stations is probably over 
31,000. 

The Appendix contains a list of Meteorological Services, with their stations 
and publications ; a Bibliography of the more important books and papers of 
special value for reference ; a Qlossary of meteorological terms ; and some 
Meteorological Tables. 
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EEPORT ON THE PHENOLOGICAL OBSERVATIONS 
FOR 1899. 

By EDWARD MAWLEY, F.RRS., Secretary. 

(Plate VIII.) 

[Read February 21, 1900.] 

The following changes have taken place in the observing stations since 
the last Report was issued. No returns were received during the year 
from Cork and Marlfield in District B ; Chislehurst in District C ; St. 
Albans (Worley Road) and Sandbeck in District D; EUesmere and 
Claughton in District P ; Ballynagard in District G ; Thornhill, Helens- 
burgh, and Lochbuie in District H; Great Cotes and South Milford 
in District I ; and Horse Cross in District J. On the other hand, new 
stations have been started at Breamore and Weston Green in District 
C ; and Wealdstone in District D. 

The average dates for the plants in the different districts given in 
the present Report are the same as those used in the preceding one, 
viz. for the eight years ending 1898. 

TABLE I.— -Mean Results, with their Variations from the 8 Years' Average 
(1891-98), FOR THE Thirteen Plants in those Districts where there have 
been sufficient Observations to warrant Comparisons being made. 



Years. 


Eng. S.W. 


Eng. S. 


Eng. Mid. 


Eng 


. E. 


Eng. N.W. 


°7 


14 


^r 


M 


^7 


§ «• 


"17 




°7 


14 




Year. 


•2«s *» 


Year. 


Year. 


Year. 


•g^jl 


Year. 






> < 




1 < 




I < 




> < 




> < 






Days. 




Days. 




Days. 




Days. 




Days. 


1891 


144 


+ 12 


144 


+ 11 


150 


+ 12 


147 


+ 12 


150 


+ 10 


1892 


139 


+ 7 


I3« 


+ 5 


144 


+ 6 


143 


+ 8 


147 


+ 7 


1893 


118 


-14 


122 


-II 


125 


-13 


123 


-12 


128 


-12 


1894 


126 


- 6 


130 


- 3 


135 


- 3 


127 


- 8 


137 


- 3 


1895 


139 


+ 7 


I3« 


+ 5 


141 


+ 3 


I3« 


+ 3 


144 


+ 4 


1896 


125 


- 7 


128 


- 5 


132 


- 6 


130 


- 5 


134 


- 6 


1897 


130 


- 2 


132 


- I 


'^t 


- 2 


132 


- 3 


142 


+ 2 


1898 


133 


+ I 


135 


+ 2 


I3« 





1.36 


+ I 


141 


+ I 


1899 


136 


+ 4 


136 


+ 3 


141 


+ 3 


138 


+ 3 


145 


+ 5 


Mean 


132 




133 


... 


138 




135 




140 





EjcplaruUion of the Dates in the Tables, 

I- 31 are in January. 182-212 are in July. 

32- 59 „ February. 213-243 „ August. 

60- 90 „ March. 244-273 ,, September. 

91-120 „ April. 274-304 ,, October. 

1 21-15 1 »» ^**y- 305-334 M November. 
-181 



152- 



June. 



335-365 



December. 



The Winter of 1898-99. 

Tho weather during this quarter continued very mild in all parts of 
the country. December was especially warm, the departures from the 
average in mean temperature ranging between + 3*''8 in the north of 
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Scotland to as much as + 6°*3 in England south. The rainfall was 
very unequally distributed, but in nearly all the districts was in excess 
of the average. It was, however, exceptionally heavy only in England 
south-west, Ireland south, and Scotland north. The records of bright 
sunshine nearly everywhere exceeded the mean, and more particularly 
was this the case in the southern, eastern, and midland districts of 
England. 

It was on the whole a very favourable winter for the farmer. 
Although more than the usual quantity of rain fell, the subsoil at the 
beginning of the season had become so dry that any superfluous moisture 
in the surface soil was rapidly absorbed ; so that during December and 
the greater part of January the land was in a workable condition in a 
surprisingly short time after rain had fallen. Then again, notwith- 
standing the general mildness of the season, there occurred sufficient 
moderate frosts to keep the autumn-sown wheat and other winter crops 
from becoming unseasonably forward, while the general warmth of the 
ground and the unusual duration of bright sunshine enabled them to 
make sturdy growth and become firmly rooted. At the end of the 
season the young wheat especially presented a most promising appear- 
ance. The grass, moreover, remained green throughout the winter, so 
that there was at no time any lack of feed for sheep and cattle in the 
pastures. So dry had the ground become through the prolonged drought 
of the previous summer and autumn, that it was not until nearly the 
end of January that sufficient rain had fallen to saturate the heavy soils 
completely. On the other hand, the preparation of the land for the 
reception of spring corn, owing to the frequent falls of rain in February, 
was for a time delayed. 

In the gardens the weather conditions were almost equally favourable. 
In the kitchen garden there never occurred sufficient frost to injure the 
rather scanty supply of green vegetables. Many delicate flowering 
plants, such as geraniums and heliotropes, remained in blossom in the 
more favoured districts nearly the whole of the winter. 

As soon as sufficient rain had fallen to moisten the ground in 
December, the soil was in admirable condition for the planting of fruit 
and other deciduous trees and shrubs, but previous to that time the 
subsoil had been much too dry. 

Taking the British Isles as a whole, the earlier wild plants, owing to 
the mild winter, flowered somewhat in advance of their average dates. 
For instance, the fertile flowers on the hazel made their appearance 3 
days in advance of their usual time, while the coltsfoot was 2 days early. 

The song-thrush began singing 10 days earlier than its mean date. 

The honey-bee was first seen to visit flowers 7 days earlier than 
usual. 

The Spring, 

The spring of 1899, taken as a whole, was almost everywhere 
rather cold. During March and May the fall of rain was in most 
districts about seasonable, whereas April was more or less a wet month 
in all parts of the kingdom. In April there was a deficiency of sun- 
shine, while March and May, on the other hand, proved unusually sunny. 

Favoured by the dry weather that then prevailed, the arable land 
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on the farms continued throughout the whole of March in perfect work- 
ing condition. Consequently, the sowing of spring corn and other crops 
was carried out during that month with little labour and on an exception- 
ally satisfactory seed-bed ; but after that time wet weather set in, and 
the state of the ground was much less favourable. The autumn-sown 




1899,. 



Average 



Fio. 1. — Mean dates (day of year) of flowering of plants in 1899 as compared with the 
eight years' average 1891-98. 



cereals made little real progress until the advent of a spell of moderately 
warm weather in May, when all the corn crops for a time made a some- 
what rapid advance. The grass, after the April rains, made excellent 
bottom growth, and, assisted by the subsequent short term of genial 
weather in May, there appeared at that time every prospect of a fairly 
abundant crop of hay. The pastures also became well clothed with 
herbage. Notwithstanding the generally low temperatures and occa- 
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sional frosts, the appearance of all farm crops at the close of the spring, 
taking the British Isles as a whole, left little to be desired. 

This quarter proved by no means a kindly one for the fruit blossom, 
for in each month there occurred every now and then moderately sharp 
frosts. Although these frosts were only here and there exceptionally 




1899 — 



Average......^.. 



Fio. 2.— Mean dates (day of year) of flowering of plants in 1899 as compared with the 
eight years' average 1891-98. 



keen, the cold was at times sufficiently prolonged to damage any peach, 
plum, pear, or apple blossoms that happened to be fully expanded at the 
time of their occurrence. 

With the exception of the blackthorn, the time of blossoming of 
which was about average, the spring flowers on the list were all late in 
coming into bloom. The wood anemone flowered just a week later than 
its usual time, the garlic hedge mustard was 3 days late, the horse- 
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chestnut 9 days late, the hawthorn 8 days late, and the white ox-eye 
also 8 days late. 

According to the returns sent in, the spring migrants were all a few 
days later than usual in reaching our shores — ^the swallow arriving 4 
days late, the cuckoo 2 days late, the nightingale 1 day late, and the 
fly-catcher 2 days late. 

The wasp made its appearance 8 days behind its usual time, the 
small white butterfly at its average date, and the meadow-brown butter- 
fly 9 days late. 

The Summer, 

Throughout the whole of the British Isles each of the summer 
months was unseasonably warm, the warmest of the three .being August, 
when the variation in the mean temperature from the average ranged 
between + 2°'8 in England north-east to as much as + 5°'0 in the 
south-western counties. Not only was this an exceptionally hot summer, 
but also everywhere a remarkably dry one. The records of clear sun- 
shine were also in most districts exceptionally good. In all but Ireland 
north, England north-east, and the west and east of Scotland, the total 
duration of sunshine exceeded the mean by more than 100 hours; 
while in the south and south-west of England the excess amounted to 
over 200 hours. 

For a short time all the field crops continued to make very satis- 
factory progress. The dry weather, however, soon began to make 
itself felt, so that the previous promise of an unusually good yield of 
hay was not fulfilled. The fact is, the want of moisture in the ground, 
when most needed by the grass, checked its growth, and caused it to become 
prematurely ripened. The crop of hay, although small, was of good 
quality, and was harvested almost everywhere in splendid condition and 
with little trouble. The supply of grass in the meadows and pastures 
after a time was also seriously affected by this June drought, and, with 
the continuance of dry weather, as the season advanced the fields became 
gradually more and more parched and bare. The efiect of the dry 
weather on the cereals was principally shown in the shortness of the 
straw. The wheat, owing to its deep-rooting qualities, was scarcely 
afiected at all, barley only to a slight extent, but the moisture-loving 
oats in many places suflfered considerably. The farm crop, however, 
which was the greatest sufferer of all was that of turnips, which in the 
drier parts of the country, had to be several times re-sown, and proved 
almost everywhere more or less a failure. The great drought of 1893 
was a very trying one for vegetation generally, but, as it came to an end 
earlier in the summer, was less disastrous to swedes and turnips than 
the repeated spells of dry weather in 1899. The hot weather in July, 
together with the parched condition of the soil, hurried the grain crops 
rapidly to maturity, so that although the season was really rather 
late a good deal of corn was cut and carried before the end of that 
month. Not only was the harvest an early, but also an extremely short 
one. Sir John Lawes, in his Eeport an the TFheat Crop of 1899, describes 
the weather at harvest-time as having been " as near perfection as could 
be desired." In the Times agricultural report for August the deteriora- 
tion of potatoes during that month was estimated at 8 per cent, of roots 
at 13 per cent, and of grass at 15 per cent. 

K 
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In the gardens, owing to the great heat, deficient rainfall, and 
singularly dry atmosphere, the summer proved a most unfavourable one. 
Indeed, on shallow soils it was only by constant watering that many 
plants and shrubs could be kept in a growing condition. 

As regards insect pests, one of the most noteworthy features was the 
little injury done by greenfly, or by the caterpillars which in recent 
years have committ^ so much havoc on the foliage of oak and other 
trees. Wasps also were singularly scarce. On the other hand, the 
turnip-fly, assisted by the dry season, did considerable damage. The 
small and large white butterflies were everywhere abundant, but most 
other butterflies unusually scarce. 

Of the 4 summer flowering plants on the list, the dog-rose was 4 
days late in coming into blossom, the black knapweed 7 days late, the 
harebell flowered at its usual time, while the greater bindweed was 
2 days late. 

The meadow-brown butterfly made its appearance 3 days earlier 
than usual. 

Th€ Autumn. 

This was another hot season. November proved a particularly warm 
autumn month in all parts of the country, the departures from the 
average in mean temperature varying only from + 4°'0 in the south- 
west and east of England to + 5° '4 in the west of Scotland. The fall 
of rain, as had been the case in the two preceding quarters, was in most 
districts below the mean,* while there was again an unusually good 
record of bright sunshine. 

By the end of August the harvest was practically over even in the 
late districts of England, and nearly over in many parts of Scotland and 
Ireland. So dry and hard had the ground become through the con- 
tinued dry weather that it was not until the end of September that any 
autumn tillage operations were practicable. However, during the 
greater part of October, when the land had been softened by the 
previous heavy rains, the soil was in splendid condition for its prepara- 
tion for wheat sowing. Indeed, the best seed-bed for wheat is invariably 
secured after the ground has been thoroughly baked by sunshine, and 
afterwards moistened suflBciently by rain to enable it to be cultivated. 
There occurred a very wet period at the beginning of November, but 
even after the soil had become saturated by the heavy rainfall of this 
period the land was seldom for long in an unworkable condition, so 
rapidly did the thirsty subsoil absorb the rain. In the early part of the 
season there appeared little prospect of any further keep in the pastures, 
but with the advent of suflicient rain at the beginning of November 
the aspect of the whole country was soon changed, so that by the end 
of that month the grass fields were looking greener than at any time 
since June. The refreshing rains here referred to came, however, too 
late to be of any real service to the turnipB and swedes. 

The same welcome rains greatly benefited the winter supply of 
vegetables in the kitchen garden, but in many places so stunt^ had 
these vegetables become through the long term of dry weather which 
preceded the rainy period, that at the close of the quarter they were 
little more than half their usual size. In those localities which escaped 
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the mid-autumn frosts the gardens continued unusually gay with flowers 
until late in November. 

In the course of the Phenological year now under review there 
occurred three or more distinct periods of dry weather, but as affecting 
farm and garden crops they may be regarded as forming together one 
continuous drought — lasting from the beginning of June until nearly 
the end of October — the wet periods separating them not being suflficiently 
prolonged or pronounced to be of any real service to vegetation during 
so warm and dry a summer. 

The swallows, which are said to have been less numerous than usual 
in 1899, left this country a few days in advance of their regular time. 
The larvae of the small and large white butterflies were singularly 
abundant. 

The wild ivy flowered, taking its mean date for the whole country, 
1 day later than usual. 

The last swallows, as a rule, took their departure 2 days earlier than 
their average time. 

According to the preliminary statement for Great Britain issued by 
the Board of Agriculture, the estimated yield of wheat per acre exceeded 
the average for the previous 10 years by nearly 3 bushels. Barley 
also was rather in excess of the average. On the other hand, the oat 
crop fell slightly short of the usual quantity. If we examine this state- 
ment a little more closely, it will be seen that the yield of all three 
cereals was better in England and Wales than in Scotland. Indeed, in 
Scotland both barley and oats were as a rule poor. In Ireland, on the 
other hand, the corn crops were all good. Taking the United Kingdom 
as a whole, the corn harvest began 5 days in advance of its average date 
for the previous 8 years. Beans, peas, potatoes, and mangolds were 
about average, but the yield of hay and turnips was very deficient. In 
Ireland, on the contrary, all the farm crops were good, and besides this 
there was throughout the summer plenty of grass in the pastures for 
the sheep and cattle. With the exception of 1886, there was a larger 
yield of hops than in any year since produce statistics were first 
collected, i,e, 15 years ago. 

All the fruit crops, with the exception of the bush fruits, which were 
moderately good, and of walnuts, which were singularly abundant, were 
decidedly under average. 

The autumn tints were, as a rule, remarkably fine, and in many parts 
of the country deciduous trees here and there retained their foliage 
until nearly the end of the season. Most wild fruits were abundant, 
especially acorns and blackberries. After the September rains, mush- 
rooms became very plentiful in the pastures. 

The Year. 

The weather of the Phenological year ending November 1899 was 
chiefly remarkable for its high temperatures, scanty rainfall, and 
splendid record of sunshine. The winter and summer were singularly 
warm seasons, while the autumn was also warm ; but during the three 
spring months rather low temperatures prevailed. In the early part of 
the flowering season, wild plants came into blossom in advance of their 
mean dates, but after March they were mostly late in coming into 
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bloom. Taking the country as a whole, the best farm crop of the year 
was wheat. The yield of barley proved also good, while oats were 
slightly under average. The crops most injuriously affected by the dry 
weather were those of hay and tiu'nips, the latter being in most districts 
exceptionally poor. The only part of the British Isles where the summer 
drought was not severely felt was in Ireland, throughout a great part 
of which there was abundant keep in the pastures during the whole 
summer. The year was a very bad one for fruit. The yield of apples, 
pears, plums, and strawberries varied greatly in different localities, but 
in most of them was much under average. 

Observsrs' Notes. 

December 1898. — Aherystwith (A) — 21st Daphne mazereon in flower. 
Glendalough (B) — Ivy-leaved geraniums and heliotrope against the house, as 
green and fresh as in September. Muntham (O) — The hazel showed fertile 
flowers. Churt Vicarage (O) — 26th. Twelve different kinds of flowers in bloom, 
including roses and Coronilla glauca. Berkhamsted (D) — 31st The last rose 
bloom of the year was destroyed by frost and rain, or 24 days later than the 
average date of its destruction in the previous thirteen years, and later than 
in any of those years except 1885 and 1894. Ambleside (P)^Large flocks of 
gulls came inland over lake and fells. 

January 1899. — Mavman (A) — 24th. A white azalea was seen covered 
with flower in a garden near here. Aherystwith (A) — 28th. Barren strawberry 
in flower. Muntham (O) — Wild pear in blossom at the beginning of the month. 
Cheltenham (D) — 8th. Winter aconite in flower. Berkhamsted (D) — 18th. 
Winter aconite in flower, 4 days earlier than its average date of first flowering 
in the previous 10 years, but 11 days later than last year. Hodsock (D) — 21st 
Crocus Imperati in flower. Sprotighton (ES) — 21st Cut a bough of blackthorn, 
not in bloom, but (still more remarkable) with well-developed leaves on green 
shoots nearly 2 ins. long. Brunstead (B)— Thousands of plover at Hickling — 
more than the '* oldest inhabitant" ever remembers. Chimside (I)— 20th. 
Winter aconite in flower. 

February. — Mavman (A) — Nasturtiums still alive at the end of the winter. 
Falmx)uih (A) — 24th. A horse-chestnut noticed with buds burst and leaves just 
tmfolding. Altamon{A) — 7th. Frog spawn first seen, AheryslwUh {A) — 11th. 
Frog spawn first seen. Glendalough (B) — 7 th. Gathered several yellow tea-roses 
from plants growing up the house. Bembridge (O) — 9th. Prunus Pissardii in 
flower. Muntham (O) — 17th. A stray piece of blackthorn in blossom. Coney- 
hurst (O) — Many more robins and tits than usual this winter. TFatford (D)— 
7th. Daphne mazereon and vrinter aconite in flower. Sheffield (D) — 3rd. A gray 
wagtail seen. Brunstead (B) — 5th. Found good mushrooms. Currygrane (G^)— 
25th. Frog spawn first seen. 

March. — Marazion (A) — 19th. Sand-martins first seen. Aherystwith (A) — 
26th. Wheatear first seen. UUenhaXl (D) — Frosts on 7 successive nights (1 8th- 
24th) did much damage to the apricot blossom. Hodsock (JXy — The remarkably 
severe frost of the 22nd interfered with the flowering of Banksia roses and 
wistaria. Brunstead (B) — Several wells in the district at end of month 
(average depth 25 feet) practically dry. Pvperstown (Q-) — 17 th. Chiffchaff first 
heard. Edgeworthstown (Q-) — 14th. Prunus Pissardii in flower. Newmill (J) — 
2nd. Frog spawn first seen. 

April. — Mawnan (A) — 7th. The flowering of Clematis montana spoilt for 
the year by heavy gale. BassaUg (A) — 18th. Village sycamore in full leaf. 
St Arvans (A) — 3rd. Chiffchaff first heard. 6th. Willow-wren first seen. 
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TABLE II. — List op the Stations with the Names op the Observers. 







H 




Station. 


County. 


p 


Observer. 


A 




Ft. 




I. Marazion . 


Cornwall . 


40 


F. W. MiUett. 


2. Mawnan 


Cornwall . 


200 


Miss R. Barclay. 


3. Falmouth . 


Cornwall . 


190 


Miss E. Willmore. 


4. Liskeard 


Cornwall . 


400 


S. W. Tenkin, C.E. 

C. U. Tripp, M.A., F.R.Met.Soc 

Miss M. E. Gill. 


5. Altamon . 


Cornwall . 


600 


6. Tiverton 


Devon 


270 


7. Westward Ho 


Devon 


130 


Miss Patterson. 


8. Barnstaple . 


Devon 


90 


T. Wainwright. 


9. Sidcot . - . 


Somerset . 


200 


W. F. Miller. 


10. Long Ashton 


Somerset . 


280 


Miss H. H. Dawe. 


II. Clifton 


Gloucester 


300 


G. C. Griffiths, F.E.S. 


12. Penarth 


Glamorgan 


120 


G. A. Birkenhead. 


13. Bridgend . 

14. Castleton . 


Glamorgan 


§° 


H. T. Randall, Junr. 

F. 6. Evans, F.R.Met.Soc 


Monmouth 


80 


15. Bassaleg 


Monmouth 


125 


W. J. Grant, F.R.H.S. 


16. St. Arvans . 


Monmouth 


360 


Miss M. Peake. 


17. St. Dav-ids . 


Pembroke 


220 


W. P. Propert, LL.D., F.R.MetSoc. 


18. Aberystwyth 

B 

19. Killamey . 


Cardigan . 


30 


J. H. Salter, D.Sc. 


Kerry . 


100 


Ven. Archdeacon Wynne, D.D. 


20. Cappagh 


Waterford 


140 


R. T. Ussher. 

G. E. J. Greene, M.A., D.Sc, F.L.S. 

Mrs. W. Wynne. 


21. Ferns . 


Wexford . 


260 


22. Glendalough 


Wicklow . 


460 


23. GeashiU . 


King's County . 


280 


Rev. Canon Russell. 


C 

24. Bembridge . 


Isle of Wight . 


80 


C. Orchard, F.R.H.S. 


25. Blandford . 


Dorset 


270 


J. C. Mansell-Pleydell, F.G.S., F.L.S. 
Miss H. K. H. D'Aeth. 


26. Buckhorn Weston 


Dorset 




290 


27. Havant 


Hants 




30 


H. Beeston. 


28. Breamore . 


Hants 






S. Bramley. 


29. Muntham . 


Sussex 




250 


P. S. Godman, F.Z.S. 


30. Dover. 


Kent 




150 


F. D. Campbell. 


31. Coneyhurst . 


Surrey 




600 


J. Russell. 


32. Churt Vicarage . 


Surrey 




350 


Rev. A. W. Watson. 


32. Churt . 


Surrey 




300 


C. Criddle. 


33. Chiddingfold 


Surrey 




IS 


Vice-Admiral Maclear, F.R.Met.Soc 


34. Winterfold . 


Surrey 




R. Turvey. 


35. Oxshott 


Surrey 




210 


W. H. Dines, B.A., F.R.Met.Soc 


36. East Molesey 


Surrey 




40 


Lady Jenkyns, & Mrs. E. G. Johnson. 


37. Weston Green . 


Surrey 




4^ 


H. T. Potter. 


38. Marlborough 

D 

39. Oxford 


Wilts 


E. Meyrick. 


Oxford . 


200 


F. A. Bellamy, F.R.Met.Soc 


4a Cheltenham 


Gloucester 


250 


M. L. Evans. 


41. Beckford 


Gloucester 


120 


F. Slade, F.R.Met.Soc 


42, Wealdstone 


Middlesex 


180 


G. E. Eland. 


43. Chesham . 


Bucks 


300 


Miss G. Keating. 


44. Watford . 


Herts 


240 


Mrs. G. E. Bishop. 


45. St Albans (The 

Grange) 

46. Berkhamsted 


Herts 


380 


Mrs. Hopkinson. 


Herte 


400 


Mrs. E. Mawley. 


47. Harpenden . 


Herts 


370 


J. J. Willis. 

H. Southall, F.R.Met.Soc 


48. Ross . 


Hereford . 


210 


49. Leominster . 


Hereford . 


220 


J. H. Arkwright. 
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TABLE IL— List of the Stations with the Nasies of OBSERVEBfi — Ccmtinued. 



Station- . 


1 

CotlfTT. 


1 . 

i 

X 


Obskxvks. 






Ft. 




5a Famboroiigh 


Warwick . 


520 


Miss D. J. G. Prater. 


51. Ullenhall . 


Warwick . 


340 


Mrs. CoWicott. 


52. Northampton 


Northampton . 


1320 


H. N. Dixon, M.A., F.L.S. 


53. Thomhaugh 

54. Churchstoke 


Northampton . 


! 90 


Rev. H. Slater. 


Montgomery . 


i55o 


P. Wright, F.R.Met.Soc 


55. Thurcaston . 


Leicester . 


:25o 


Rev.T. A. Preston, M. A., F.R.MetSoc. 


56. Bccston 


Notts 


210 


G. Fellows. 


57. Hodsock . 


NotU 


60 


Miss MelUsh, F.R.H.S. 


58. Macclesfield 


Cheshire . 


500 


J.Dale. 


59. Belton 


Lincoln . 


200 


Miss F. H. Woolward. 


60. Sheffield . 


Yorks(W.R.) . 


450 


Miss E. F. Smith. 


61. Horbury 


Yorks(W.R.) . 


100 


J. Burton. 

Rev. W. T. Travis. 


62. Ripley 

E 

63. Broxboume 


Yorks(W^R.) . 


240 


Herts 


120 


Rev. H. P. Waller. 


64. Hatfield 


Herts 


300 


T. Brown. 


65. Hertford . 


Herts 


140 


W. Graveson. 


66. Sawbridgeworth . 


Herts 


350 


H. S. Rivers. 


67. Hitchin 


Herts 


220 


A. W. Dawson, M.A. 


68. Ashwell 


Cambridge 


260 


H. G. Fordham. 


69. Bocking 


Essex 


240 


H. S. Tabor, F.R.Met.Soc 


70. Lexden 


Essex 


90 


S. F. Humard. 


71. Sproughton. 

72. Market Weston . 


Suffolk . 


30 


Rev. A. Foster-Melliar. 


Suffolk . 


150 


Rev. E. T. Daubeney. 


73. Tacolneston 


Norfolk . 


190 


Miss E. J. Barrow. 


74. Brundall 


Norfolk . 


70 


A. W. Preston, F.R.Met.Soc 


75. Brunstead . 


Norfolk . 


30 


Rev. M. C H. Bird. 


76. Clenchwarton 


Norfolk . 


10 


Miss E. M. Steven.son. 


77. Peterborough 

P 

78. VM . 


Northampton . 


30 


J. W. Rodger. 


Merioneth 


600 


T. Ruddy. 

A. T. Johnson. 


79. Glan Conway 


Carnarvon 


100 


80. Alderley Edge . 


Cheshire . 


300 


W. H. Pepworth. 


81. Ambleside . 


Westmoreland . 


260 


Miss M. L. Hodgson. 


82. Cronkboume 


Isle of Man 


no 


fA. W. Moore. 
\J. Murphy. 
Miss C M. CrelHn. 


83. Orry's Dale 


Isle of Man 


70 


84. Sulby . 


Isle of Man 


80 


H. S. Chirke, F.E.S. 




85. Ardgillan . 


Dublin . 


210 


Capt. E. R. Taylor, F.R.Met.Soc. 


86. Piperstown . 

87. Edgeworthstown . 


Louth 


320 


Miss E. Smith. 


Longford . 


270 


J. M. Wilson, M.A. 


88. Westport . 

89. Loughbrickland . 


Mayo 


10 


[. M. M«Bride. 


Down 


350 


Rev. H. W. Lett, M.A. 


90. Saint6eld . 


Down 


310 


Rev. C. H. Waddell, M.A. 


91. Antrim 


Antrim . 


70 


Rev. W. S. Smith. 


92. Altnafoyle . 


Londonderry . 


450 


T. Gibson. 


93. Ramelton . 

H 

94. New Galloway . 


Donegal . 


200 


Miss K. Swiney. 


Kirkcudbright . 


450 


T. R. Bruce. 


95. Jardington . 


Dumfries . 


100 


J. Rutherford. 


96. Port Ellen , 


Isle of Islay 


10 


T. F. Gilmour. 


97. Duror . 


Argyll . . 


20 


R. Macgregor. 
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TABLE II. — List of the Stations with the Names of Observers— Con/ inw«rf. 



Station. 


County. 


•El 

Ft. 


Observer. 


I 






98. Doddington 


Lincoln . 


90 


Rev. R. E. Cole. 


99. Thirsk 


Yorks(N.R.) . 


120 


A. B. Hall. 


100. East Lay ton 


Yorks(N.R.) . 


570 


Mrs. E. 0. Maynard Proud. 


loi. Willinglon 


Durham . 


390 


Rev. \V. T. Wyley. 


102. Durham . 


Durham . 


350 


The late H. J. Carpenter. 


103. Corbridge-on- 


Northumberland 


200 


A. W. Price. 


Tyne 








104. Blyth 


Northumberland 


20 


S. Dunnett. 


105. Lilliesleaf. 


Roxburgh 


530 


Miss C. M. D. Sprot. 


106. Chiraside . 


Berwick . 


400 


C. Stuart, M.D. 


J 

107. Kirriemuir 


Forfar 


250 


T. M. Nicoll. 


108. Aberdeen . 


Aberdeen 


40 


P. Harper. 


109. Newmill . 

K 

no. Invermoidart 


Banff 


350 


J. Ingram. 


Inverness . 


60 


S. M. Macvicar. 


III. Roshven . 


Inverness . 


40 


H. Blackburn. 


112. Beauly 


Inverness . 


60 


A. Birnie. 


113. Dingwall . 


Ross 


ID 


J. P. Smith, M.D. 


114, Inverbroom 


Ross 


50 


Lady Fowler. 


115. Watten . 


Caithness . 


150 


Rev. D. Lillie. 



The numbers before the names of the stations refer to their position on the map of the 
stations, Plate VIII. 



22nd. Blackcap first beard. Killamey (B) — 6th. A Northerly gale accompanied 
by hail did immense damage to young vegetation — cleaves of horse-chestnut, 
hawthorn, and larch suffered much, while daffodils, etc., in full bloom were 
destroyed. 17th. Early potatoes cut down by frost. Bembridge (O) — 12th. 
Cut first asparagus out of doors. Coneyhurst (O) — Blackthorn very full of bloom, 
but soon over. Churt Vicarage (O) — 6th. Wheatear first seen. 13th. Wryneck 
first heard. Oxford (D) — 29th. Corncrake first heard. St Albans (D) — 8th. 
Blackthorn shedding its blossoms. Berkharruted (D) — 20th. Wild cherrj' in 
flower, its average date for previous 13 years. Market Weston (B) — Not nearly 
so many cuckoos as usual, but nightingales are very plentiful Tacolneston (B) — 
19th. Wryneck first heard. Clan Conway (P) — 28th. Corncrake first heard. 
Sulhy(F) — 26th. Corncrake first heard. Edgeworthstoivn (Q) — 16th. Chiffchaff 
and willow-wren first heard. 23rd. Corncrake first heard. Westport (Q-) — 
23rd. Sand-martin first seen. 24th. Swift first seen. 25th. Corncrake first 
heard. Loughbrickland (Q-) — 15th. Chiffchaff first heard. 28th. Corncrake 
first heard. Antrim (Q)— 28th. Chiffchaff first heard. Altnafoyle (Q)— 28th. 
Willow-wren first heard. 30th. Corncrake first heard. Ghirrmde (I) — 4th. 
Sand-martins first seen. 6th. Wheatear first seen. 27 th. Willow- wren first 
heard. Newmill (J) — 27th. Corncrake first heard. 

May. — Marazion (A) — 6th. Swift first seen. 7th. Wheatear first seen. 
Mavman (A) — 11th. Swift first seen. St, Arvans (A)^10th. Swift first seen. 
Killamey (B) — 20th. Medlar first in flower ; same day as in 1898. Coneyhurst 
(O) — Flycatchers very plentiful this year. Churt Vicarage (O) — 9th. Swift first 
seen. 19th. May-fly first seen. Marlborough (O) — 27th. Potatoes badly cut 
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TABLE IIL—Date (Day of Year) of First Flowering of Plants, 1899. 



Station* 


1 


s 


1 


i 
1 


12 


1 


ft 


1 

6 


1 


! 

c 

1 

as 


1 





i 


A 
Marazion . 


45 


47 




72 






127 


156 


Jjo 


iSi 




18s 


25a 


Mawnan 


47 


66 


... 


6g 




12] 


136 


153 


IS* 


194 


... 






Falmouth . 


5° 


iS 


104 


70 


121 


no 


127 


14S 




174 




172 


... 


Liskeard 


43 


47 


103 


89 


■ -n 








... 








,.. 


AUarnon 


55 


S7 


114 


lOO 


12] 


"34 


IS* 


162 


184 


19k 


204 


206 


264 


Tiverton 


24 


59 


8S 


SS 


112 


129 


132 


13S 


IS6 


169 






256 


Westward Ho 


7/ 






^i 


/^.? 


127 


144 


154 


IS7 


196 


.,. 


JS7 


269 


Barnstaple . 


22 


54 


8s 


7S 


106 


123 


136 


H7 


»S6 


170 


205 


196 


257 


Sidcot. 


<9 


S^ 


&S 


9S 


120 


I2J 


130 


iSS 


'S3 


163 


... 






Long Asbton 


9 








... 


I2S 














247 


Clifton 










... 


1 28 


129 




^.. 


*-. 


189 


,... 


26s 


Bridgend 


^ 


ss 


70 


102 


"7 


137 


140 


.., 


1 .*. 


... 




... 




Castkton 


tS 


50 


74 


76 


107 


uS 


136 


140 


]63 


1S6 


301 


1S2 


2S9 


Bassalcg 


38 


45 


S7 


SS 


110 


118 


129 


135 


160 


]64 


... 


171 


256' 


St, Aryans . 


19 


$2 


19 


92 


122 


129 


132 


156 


158 


16S 


191 


1S4 


255 


St. Davids . 




63 




loS 


,*. 


12S 


122 






... 




19J 




Aberystwith 


45 


SO 


95 


62 


106 


136 


'^^ 


136 


167 


172 


... 




267 


B 

Killarney , 


23 


SS 


61 


11 


114 


it3 


119 


149 


IS8 


;pp 


1S2 


iSi 


240 


Ferns , 


43 


5* 


85 




126 


130 


148 


160 


172 


tS2 


190 


245 


Gtendaldugb 


5« 


70 


Ss 


90 


it6 


131 


136 


144 


... 


179 


#.. 






Gea^hiU . 


41 




74 


91 


"* 


131 




^S7 


161 


170 




201 


348 


C 

Bembridge . 


2J 


27 




95 


124 


123 


126 


13S 












Blandford . 


44 


n 


93 


Bq 


J35 


142 


140 


161 


166 


1S3 


m 




Buckhoru Weston 


40 


15 


S6 


9S 


105 


^3J 


134 


140 


159 


166 


iSo 


... 


25S 


Havant 


42 


SO 




99 




129 


138 


147 


1S3 


I6S 




1S7 


275 


Breajiiore * 




.,* 






.-. 


130 


131 


150 




1S8 


... 


185 




Muntbam . 


I 


41 


71 


6t 


"3 


130 


132 




... 




... 




373' 


Dover * 








92 




126 


143 




168 


iSS 






254 


Coneyburst , 


4^ 






99 




13s 


136 


140 


IS7 


161 


179 


174 


tSfi 


Chutt Vicarage 


37 


S6 


93 


95 


lis 


133 


140 


153 


156 


t6i 


170 


200 




Chyrt , 


lO 


S6 


95 


t02 


95 


129 


132 


ISO 


163 


179 


I9t 


199 


2S3 


ChiddJngfold 


2S 


52 


9z 


93 


114 


125 


139 


145 


160 


176 


196 


1S4 


z66 


Winterfoid . 


4S 




92 


ICX) 




14S 


152 


165 






190 




314 


O^sbott 


SI 


^ 


[00 


106 


121 


13S 


133 










I'qO 




East Molesey 


50 


^S 


t(H 


104 


133 


132 


UI 


146 


IS6 


167 






269 


Weston Green 




7S 




92 


127 


132 


139 


148 




169 


199 


1S9 


262 


Marlborough 


8 


70 


70 


85 


no 


U9 


142 


147 


162 


175 


1S9 


tSi 


250 


D 
Oscford 












137! 


139 








307 


186 


260 


Cheltenham 


29 


S S 




7S 


"7 


124 


137 


ISO 


162 


... 




t97 


^SS 


Beckford . 


27 


49 


72 


So 


It] 


127 


129 


Uo 


153 


167 


190 


173 


360 


Wcaldstone . 






120 


98 




134 


U3 








1S6 






Chesham 


Vi 


4* 


SS 


92 


117 


133 


lis 


MS 




202 


... 


192 




Watford 


2& 




n6 


9S , 


tl2 


US 


13S 


153 


161 








271 


St. Albans (The 


16 


60 


94 


95 


]II 


137 


ns 


130 


161 


192 


18S 


201 


264, 


Grant:e) 
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TABLE III. —Date (Day of Year) of First Flowering of 
Plants, 1^99-~Continued. 



Statiow, 


^ 


1 


1 


^ 


IT 


1 


J 


1 



J 


S 


1 


i 


1 






^ 


1 


1 


5C 


;C 


1 


1 


s 


i 

m 


X 


5^ 




BerkhiifDstcd 


45 


65 


100 


92 


iiS 


134 


149 


345 


tS7 


176 


193 


190 


266 


Haipcnden * 






>IS 


100 


120 




145 












..- 


Ross , . . 


45 


trt 




y 


120 


127 


127 


• •* 


■ ■ + 


■ IT 


.*. 


,, . 


.4* 


Leominster . 


61 


, 


ss 


+ >■ 




U2 


133 




■ I ► 


. .. 


in 


1*. 


Famborough 


28 


6a 


91 


87 


loS 


133 


133 


154 


162 


t79 


m 




264 


Ullenhall , 


22 




95 


102 


106 


129 


127 


H5 


160 


174 


193 


igfi 


2S4 


Nortiuimpton 


S6 


.., 


74 


105 


I2E 


135 


140 


150 


162 


iS6 


190 


i^ 


^4^ 


Thomhaiigh 


46 


97 


Sg 


96 


122 


134 


U7 


13S 


15^ 


179 


192 


202 


260 


Churchstoke 


27 


71 




99 




140 


139 




165 






... 




Thurcaston . 


SS 


89 


100 


1 10 


119 


ijS 


141 


153 


159 


174 


I9S 


201 


2S7 


Beeston . 




6s 


.*, 


101 


129 


141 


140 


161 


169 


204 


IfJI 






Hodsock . 


43 


72 


91 


90 


119 


120 


136 


157 


i6s 


178 


194 


170 


269 


Macclesfield 


4S 


71 


98 


109 


136 


144 


148 


161 


17' 1 


iSs 


iS? 


190 


171 


Belton 


,-. 


43 


e*' 


98 


121 


137 


132 


,.t 












Sheffield . 


44 




*.. 




..i 


141 


HS 


160 


174 


202 


'95 


204 


294 


Horbury 




.,, 


9i 


ii'i 


i^ 


153 


149 


IS^ 


^73 


1S3 


191 


187 


2S4 


Rip[ey . . 


3^ 


"■ 


91 


III 


137 


149 


15" 








■*■ 






1 ft 
Broxboume . 


57 


lOS 


92 


9a 


lit 


136 


134 












2S3 


Hatfield . 


H 


vw. 






... 


130 


129 


^57 


159 


.,. 








Hertford 


2^ 


50 


73 


71 


106 




13' 


143 


iSS 


178 


195 


191 


261 


Saw bridge worth * 




54 




93 


98 


135 






156 






J96 


... 


Hitchin 


..* 


66 


,■■■, 




116 


13s 


131 


147 




... 


.., 


204 


26s 


Ashwdl 


20 


..+ 


..* 


9S 


■*■ 




139 




lis 


+ .. 








Backing 


44 


45 


m 


99 


no 


130 


137 


IS9 


159 


iSi 


190 


191 


250 


Lexden 


40 




92 


93 


120 


130 


J32 


140 


158 




<.» 


jSa 


262 


Sproughton . 
Market Weston - 


29 


4^ 


73 


95 


119 


133 


^35 


13S 


159 


... 


..* 


... 




49 


Si 


102 


96 


loS 


140 


136 


152 


159 


173 


195 


207 


271 


Tacolneston 


4' 


,-. 


... 




108 


120 


13S 














Bnindall 


59 




92 


109 


106 


13S 


MI 


152 


166 


... 


197 


190 


.d+ 


Bfunstead 


?l 




97 


99 


"4 


125 


134 


149 


160 


IS3 


184 


205 


^53 


Clench warton 


..* 




105 


.,+ 








166 


197 


.■,. 


201 


284 


Pcteiborough 


36 


'■■ 


t02 


S7 


124 


131 


05 


152 


167 


166 


.,. 


184 




F 


44 


6s 


106 


102 


13* 


140 


149 


154 


[64 


194 


194 


309 


30S 


Glan Conway 






... 


lot 














.*. 






Alderley Edge , 


41 


57 


lOl 


..« 


IJO 


124 


'43 


'S3 


m 


188 


190 






Ambleside , 


30 


li 


..m 


S9 


128 


141 


i4r 




**. 


1S9 




19k 


2S3 


Crotikboume 




100 




96 


132 


142 






203 


193 


20s 


^3 


Ony's Dale - 


■■' 


lOi 


■" 


as 




I2S 


134 


"■ 


t6e> 






t8t 


379 


CI 

Ardgillan , 


46 


5» 


93 


roo 




129 


140 


'5? 


,i6s 


193 




195 


m 


PrpcTstown , 
EdgewortbatowTi . 


s 


/t?6' 




79 


+ »- 


12 1 


144 


iss 


163 


196 




J93 


*... 


..* 


... 


■ ». 


102 


... 


».. 






164 




... 




,.. 


West port . 
Loiighbrickland , 


... 


,, , 


.., 


99 


♦ *■ 


117 


13s 








... 


4*. 


♦ +4 


,,, 


77 


too 


10 1 


*1.I 


134 


147 


i6i 


16S 


I'SS 




tS2 


274 


Saintfietd . 


.Ht 






9S 


. .* 


140 


146 


159 


167 


*-, 


.f* 


*.- 




Antrim 


56 




,.. 9i 


lOd 


142 


144 




jl67 


197 


... 


193 


•■' 
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TABLE III.— Date (Day of Year) of First Flowering of 
Plants, 1899— CorUimied, 









i 


■ 


1 ^ 




ii. 




1 




1 


Statjmi. 


1 


1 

3 


< 


J 

i 


X 


1 


(5 


i 


1 


1 


ffi 





1 


Alinafoyie . 






96 


ns 


1 
"* , 143 


146 




165 


209 






RameUon . 


SB 






99 




131 


143 


i53| 




ao7 


"* 


*" 


"* 


H 

New GaJIoi^'Eijr . 


Sa 




M9 


114 




'54 


155 


168 


160 




I9S 






Jardiii^toii . 
Port Ellen . 


43 


92 
59 ' 


93 


III 


Z ISO 

.- 144 


:ti 


;g 


i6i 


200 
191 


tS8 
193 


1991 - 


Duror . 


59 


ss 


'" 


no 




'■* 


130 






1S2 


1S2 




2S1 


I 

Doddingtoo . 


ss 


68 


m 


9S 


no 


138 


140 


155 


166 






^7 


266 


Thirsk 


32 


67 


74 


71 


"3 143 


131 


163 


167 


is's 


193 


JS5 


2Ss, 


Ea£t Layton 










... I14S 


152 














Willington » 


6S 


&t 


102 


los: 


14^ i IS I 


150 


163 


"'64 


189 


19a 


192 


... 


Durham 




72 


loS 






IS4 


154 


172 


176 


19S 


i8s 


2K> .,. 1 


C orbridge^on -Tyn e 
Blyth . 
LiUksleaf - 


58 


66 


IQS 


112 


144 




i5« 


i6j 


176 


200 


1S6 




28] 




119 


no 




Z 




"■ 


1S6 




194 


"' 


i!! 


Chimside 


S9 


94 


91 


100 


is5 


ns 


150 


iais 


171 


187 


Mi4 


m 


317 


J 

Kirriemvitii , 


... 


,84 




I30 






JSS 




167 


201 


iSa 






Aberdeen . 




73 


no 




,,. 


^h 


156 


184 


193 


,., 


196 




if/' 


NcwmiU 


4Q 


69 


no 


130 


134 


15S 


t6o 


167 


>7i 




187 


m 


289 


E 
Invcrmoidart 


49 




103 








^$3 


172 


\u 


217 






^2 


Roishven 


44 


si 


98 


loS 




I'ia 


14S 


160 


2o3 


... 


19S 


2S1 


Bcauly 


S3 
30 


73 


li4 


139 




15^ ] iS9 


167 


176 


197 


195 


.*. 


303 


Inverbroom , 


so 


















... 




Dingwall 


50 


6s 


loV 


lis 




'': lif 


161 


I'ei, 


... 


191 


i9Si3>a 


Watten 




73 






,.. 


189, ^- 

1 


2lfi 


'" 





The dates in italics have not been taken into consideration when calculating the 
means given in Table IV. 



by the frosts of the last two nights. Beckford (D) — 28tb. Potato-tops blackened 
by frost Wealdstone (D) — 12th. Corncrake first heard. Chesham (D) — 7th. 
Orange-tip butterflies unusually abundant. Famborough (D) — 28th. Sharp 
frost cut off nearly all early potatoes. 31st Latest date for orange-tip butterfly 
during last 16 years. Beestan (D) — 27th. Strawberries blackened by frost 
Ripley (D) — This has been the worst spring for bees that I can remember. 
Lexden (B) — Singular absence of aphis. 13th. Swift first seen. PaU (F) — No 
wasps to be seen until the end of first week, afterwards plentiful. Piperstovm 
(Q-)— Hawthorn blossom abundant Altnafoyle (Q) — Hawthorn in splendid 
bloom. New Galloway (H) — 5th. Corncrake first heard. lAUiesleaf (I)— 26th. 
Corncrake first heard. Chim8ide(T) — 1st. Corncrake first heard. 12th. Swift 



TABLE IV.— Mean Dates (Day op Yeak) for the First Flowering of Plants 

IN 1899, AND THEIR VARIATIONS FROM THE ElOHT YEARS' AVERAGE (1891-98). 





A 


fi 


C 


D 


Plavts. 


Enfflaiid, S.W. 


Ireland, S. 


England. S« 


EtiEknJ, Mid, 


1 


ll 


11 


1 




h 

it 


1 




Is 


1 


> m 


1 
.5* 






*^ 


> 




^^ 


> 




"^J 




^i 


r 


Hazel 


34 


38 


- 4 


39 


J^ 


+ 5 


^ 


36 


-6 


37 


42 


-5 


, Coltsfoot . 


u 


ii 


- 2 


59 


^^ 


+ 5 


5« 


11 


- I 


62 


64 


-2 


Wood Anemone* 


+ 3 


76 


7P 


- 3 


8S 


+6 


9S 


S6 


+ 9 


Blacktborn. 


S5 


Bg 


" 4 


84 


90 


- 6 


94 


96 


-2 


96 


99 


-3 


Garlic Hedge Mustard 


114 


icH 


+ 10 


115 


104 


+ n 


(I4 


110 


+4 


119 


III 


+ 7 


Horse-chestnut . 


126 


iiS 


■f- s 


12s 


lis 


+ 7 


m 


124 


+ 9 


'^l 


128 


+ 7 


Hawthorn - 


134 


127 


+ 7 


12S 


IS^ 


+ 4 


w 


I2S 


+ 9 


138 


131 


+ 7 


White Ox Eye . 


14s; 143 


:i 


ISO 


IJS 


+ 12 


147 


140' +7 


149 


'^2 


+2 


Dog Rose . 


t6o 153 


160 


ISO 


+ 10 


160 


^SS 


+ 5 


163 


158 


^$ 


Black Knapweed 


i7» 


'P 


^ 6 


174 


IG7 


+ 7 


170 


169 


+ 1 


1S4 


'P 


+ 9 


Harebell . 


19S 


t89 


-hio 


]S2 


181 


+ I 


1S6 


iSi 


+ 5 


193 


1S9 


+ 4 




j36 


1S2 


+ 4 


J9I 


Ml 


+ 10 


1S9 


t£6 


+3 


192 


191 


+ 1 


Uj . . . . 


^59 


263 


- 4 


244 


SGS 


-i& 


26S 


269 


- I 


268 


269 


-I 


Mean for the 13 Pkntsi 


U6 


13^ 


+ 4 


133 


Ji9 


-^ 4 


136 


133 


+ 3 


141 1 138^ +3 


Plants* 


E 


F 
EnsUmd, N.W. 


]»L«id. N. 


H 

Scotland, W. 


Hazel 


36 


37 


-I 


.^s 


43 


- 4 


51 


SO 


+ I 


45 


4^ 


- 2 


Coltsfoot . 


57 


U 


-2 


59 


64 


- 5 


65 


70 


- 5 


70 


7S 


- g 


Wood Anemone. 


Qi 


+6 


102 ' 92 


+ 10 


96 


83 


+ 13 


106 


1 02 


+ 4 


Blackthorn, 


9S 


97 


-Z 


102 103 


- 1 


93 


97 


+ I 


112 


no 


+ 2 


Garlic Hedge Mustard 


112 


109 


+3 


IJ12 


1^3 


- 1 


100 


lis 


'iS 




IS$ 




Horse-chestnut . 


13a 


12S 


+9 


132 


m 


+ 5 


U4 


128 


+ 6 


149 


137 


+ 12 


Hawthorn . 


-35 


^7 


142 IJ4 


+ S 


t43 


136 i+ 7 


146 


U3 


+ 3 


White Ox Eye . 


149 


144 


+ 5 


IS4 


149 


+ 5 


156 


153 + 3 


J 63 


/je 


+ 6 


Dog Roic . 


i6a 


ISS 


+S 


162 


'59 


+ 3 


t66 


162 


+ 4 


161 


J64 


- 3 


Block Knapweed 


tS2 


^V 


+ 5 


i^ 


IS4 


+ 10 


19S 


102 


' 4 


J9I 


155 


+ 6 


Harebell , 


igi 


1S4 


4^S 


192 


182 


+ 10 


*t. 


iM 


... 


J90 


199 


- 9 


; Greater Bmdwecd 


195 


1S8 


+7 


198 


IS6 


+ 12 


191 


IBS 


- 4 


199 


JSS^ 


Av. 


Ivy . , . . 


262 


362 


Av. 


28z 


280 


+ 2 


279 


$76 


+ 3 


28 1 


fSO 


+ 1 


Mean foi the 13 Plants 


_ys_ 


^^5 


+ 3 


'^? 


140 


+ 5 


[40*139* + I* 


15J* 


150*1 + 1* 


Plants. 


I 

England, K,£. 


J 

Scolland* K. 


K 

Scoiland, N. 


Dntlsh Ules, 


Haiel 


4S 


49 


- 1 


49 


5^ 


- 5 


47 


SO 


- 3 


4J 


44 ' -3 


Coltsfoot . 


6$ 


66 


-1^2 


75 


74 


+ I 


67 


70 


+ 8 


63 


65 -2 


Wood Anemone . 


too 


93 


+ 7 


no 


9.9 


+ rt 


103 


95 


96 


&9 +7 


Blackthorn. . , , 


too 


109 


-9 


I3S 


no 


+ 15 


120 


106 


+ 14 


lot 


loi Av, 


GarHc Hetlge \fastard 


131 


lis^ 


+s 


^34 


i^4 


+ JO 


, 


ISO 




1IS 


IIS +3 


Horse-chestnut . 


I4S 


139 


+9 


'57 


13S 


+ 19 


I4S 


m 


+ 14 


13a 


129 +9 


Hawthorn . 


147 
163 


145 


+7 


t57 


144 


+ J3 


JSS 


140 


+ IS 


142 


134 +8 


White Ox Eye * . 1 


!i: 


+ 5 


176 


15S 


+ iS 


170 


154 


+ 16 


157 


149 +s 


Dog Rose . 


17a 


+4 


169 


170 


- 1 


i7t 


1€6 


+ 5 


164 


160 +4 


Black Knapweed 


191 


198 


-7 


201 


I^ 


+ 14 


ZIO 


1^ 


+27 


189 


182 +7 


Harebell \ 


190 


189 


+ 1 


iSS 


mi 


-13 


193 


m 


- 4 


190 


im Av. 


Greater Bindweed 


20t 


soo 


+ t 


189 


201 


- 12 


197 


197 


Av. 


J 93 


J5*/ + 2 


Ivy .... 


2S7 


esi 


+ 6 


2g9 


3S2 


+ 7 


29S J?75 


+ 17 


274 


^S +1 


Mean for the ij Plants 


ISO 


147 


+ J 


J 55 


Ip 


+ 6 


156*1 i47 


+ 9 


143 


140] +3 



♦ For 12 Plants. 

+ indicates the number of dajB later than the average date. 
— ,, ,, ,) earlier ,) ,, 

Av. y, average date (1891-98). 

The dates in ikUia are approximate averages. 
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first seen. Newmill (J) — Butterflies scarce. lltL Swift first seen. 26th. 
Potatoes blackened by frost WatUn (K) — Slst. Corncrake first heard. 

JuNB. — Mawnan (A) — 16th. Hay harvest began. Bembridge (O) — 25th. 
Saw a clouded yellow butterfly. Coneyhurst (O) — 17th. Sand-martin first seen. 
20th. Swift first seen, Churt Vicarage (Cf)— The bloom of flowering shrubs 
' such as rhododendrons, guelder roses, wistaria, and clematis montana very much 
poorer than usual 15th. Potatoes, scarlet runners, etc., cut down by frost in 
the lower parts of the district. Marlborough (O) — White butterflies exceptionally 
plentiful Harpenden (D) — 12th. First wheat ear out of its sheath, or 4 days 
later than its average date in the previous 7 years. Leominster (D) — The 
feature of the year has been the scarcity of greenfly, and the almost total 
absence of caterpillars on forest trees. Leaves of oak, lime, and beech, generally 
the most liable, have been practically untouched. There should be a very deep 
growth in the timber ring this year. 21st Have only seen 3 wasps as yet 
Macclesfield (D)— 3rd. Potatoes cut down by frost HcUfield (B) — The oaks 
have been almost entirely free from injury by caterpillars. Bocking (E) — Lime 
trees flowered abundantly. Market Weston (B) — Sulphur butterflies unusually 
abundant Clenckwarton (B) — Wild roses were very abundant Edgetoorthstown 
(Q) — Hawkmoth often seen. Port Ellen (H) — 3rd. Have not yet seen either 
a wasp or butterfly. East Layton (I) — 9th. Humming-bird hawkmoth seen. 
Willington (I) — ^Wild roses very plentiful. Durham (I) — Small white butterfly 
very plentiful. Newmill (J) — 12th. Humming-bird hawkmoth seen, rare 
here. 

July. — Mavman (A) — 25th. Com harvest began. Coneyhurst (O) — 7th. 
Cuckoo last heard. Chiddingfold (C) — Lawn too dry to mow after 23rd. 
Oxford (D) — Limes flowering with unusual freedom. The small white butterfly 
very numerous. Wealdstone (D) — 22nd. Oats first cut Market Weston (B) — 
Small white butterflies very numerous, from 10 to 20 ^gs on every cabbage 
leaf I examined at the end of the month. Brunstead (B)-— I never remember 
the birds so ravenous for fruit — red currants stripped up to our back door ere 
half ripe. Clenckwarton (B) — A great many white butterflies this season. PaJ4 
(F) — Flowers on Portugal laurels, wild roses, honeysuckle, and elder unusually 
abundant Ambleside (F) — 8th. First hay cut Oronkboume (F) — Very few 
wasps. Chimside (I) — Summer migrants scarcer than usual, especially redstarts 
and swifts. 

August. — Marazion (A) — 16th. Swift last seen. AUamon (A) — 26th. 
Pastures bare and brown, and water is being carried to the cattle for great 
distances on the uplands. St, Arvans (A) — Butterflies numerous, especially 
meadow-brown and large white. Not many wasps. Pasture lands very brown. 
KUlamey (B) — No wasps, and but few moths. Numerous green caterpillars on 
geraniums and mignonette. Leaves of lime falling freely at end of month. 
Geashill (B) — Very few wasps. Number of small white butterflies unusually 
large. No earwigs seen this year. ChvH (O) — All kinds of butterflies rather 
scarce. Chiddingfold (O) — All ponds in neighbourhood dry. Oxford (D) — 17th. 
Swift last seen. Cheltenham (D) — Very little aphis. Wasps very scarce. Com 
harvest finished even on the hills by the 25 th. Watford (D) — ^Pastures and 
lawns very brown. Large white butterflies numerous. Hodsock (D) — Com 
harvest began on 1st and ended on 30th. Mcuxlesfield (D) — 14th. Leaves of 
lime began to fall. 24th. Oats stacked. Lexden (B) — ^Butterflies and wasps 
have been very abundant Market Weston (B) — Very few wasps. Walnuts 
plentiful. Many ponds dried up. The foliage of apple trees has not suffered 
much from the attacks of insects. Clenchxcarton (B) — 2nd. Com harvest 
commenced. PaU (F) — An exceptional number of the large white butterfly. 
Cronkboume (F) — White butterflies very numerous. ArdgiUan (Q-) — 6th. 
Several trees struck by lightning. Severe thunderstorm lasting 12 hours. 
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TABLE v.— Datb (Day op Year) of Song and Migration of Birds, and 
First Appearance of Insects, 1899. 
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93 
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SO 
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69 
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40 
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75 
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I 
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uo 


lOS 


139 


2S2 


38 
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57 
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98 
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Chesham . 


. 


H 


tto 


no 


125 




3Sa 


1^0 


124 


72 


127 


1^36 


Watford . 
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TABLE v.— Date (Day of Year) of Song and Migration of Birds, and 
First Appearance of Insects, 1899 — Continued. 
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TABLE V. — Date (Day of Year) of Song and Migration of Birds, and 
First Appearance of LvsEcrrjs, SU^^CojUiitved. 
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MigratLQn. 


liijccu. 
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it 


i] 


'^^ 


1^" 


II 




i- 


i! 


?t 






u 


U 


-1 


ij 


»j 


,1 


s 


P 


u 


^1 
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21 


in 


us 




.** 


269 


44 


... 


127 


1 
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**. 


1J3 


no 


... 


14a 
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120 


I 186 


Port Ellen 


.*. 


IZJ 


uB 


... 


-,, 


... 


50 




.,. 


.T. ... 


Duror . . » . 


43 


no 


ng 


♦ w 


"■ 


28s 


57 


... 


f^S 


1 


I 
Thirak . . ♦ . 


n 


120 


iiS 






276 






94 


i49l^-^ 


East Layton 




22 


m3 


.., 


... 




41 


... 




IS7| '■' 


i ^Vi]lingtotl 




49 


119 


120 


..* 


157 


272 


40 


iij 


7' 


... 1 ... 


Durham , 




43 


126 


125 


... 


*■' 




73 




148 


156 


.,. 


C orbridge-on -Tyn e 




42 


nS 




,.. 




272 




... 






... 


Blyth 




38 




.,. 


.*. , 


.. 




... 


... 


... 




... 


Li li«leaf . 




42 


nS 


I2f 


... 




29^ 


57 


127 


122 


Z 126 1 


Cbimside .... 


24 


tit 


iiS 


'■■ 


MS 


279 


S4 


120 


144 




15s 


J 
Kirriemuir 




127 


114 




... 


270 


43 


126 








Aberdeen .... 


40 


13s 


137 


,,, 


138 


269 


% 


151 


151 


... 


Newmill . . . . 


80 


120 


[21 


*" 




2S1 


150 


146; 


... 1 160 

\ 


K 

Invennoidart 


40 




122 










125 


123 




Ro&hven . . . , 


I 


nj 


iiS 


,.. 




... 


... 


1^5 


124 


... '1 ... 


Bcaaly .... 


*^, 


r3» 


130 




"39 


303 


68 


16S 


174 


... 


Inverbroom 


.<■,. 












43 








DingwaU , , . . 


43 


no 


124 


... 


148 


2S8 


50 


U7 


»49 





Wauen .... 


*" 




im 


... 


"' 




54 




ns 
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Mean Dates for the British 
Uies in 1S99 
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"3 
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Apl. 


134 

May 


284 
Oct 


'49 
Feb. 


106 


[04 

ApL 


IJ5 157 
^ lay June 


iSth. 


20th 


23d 


22<t 


[4th 


uth 


iSth 


r4ih :15th 6th 


Mean Dates for 1891^99 I 


Jan. 

2^rh. 


lApL 
i6th 


Apl. 

21 St 


ApL 
2tat 


May 
1 2th 


Oct. 
t3^^ 


Feb, 


ApL 
Sth 


Apl' Mayljutie 
14th 6th 1 9th 



The dates in itcUics have not been taken into consideration when calculating the 
means for the British Isles. 



Pif/efftmcn {G-) — 5tb. Very heavy thunderstorm. Edgeworthstmrn (Q-) — Very 
e^rly bar vest. Oata cut oa 1 0th. LiUiesUaf (I) — No wasps were seen previous 
to this mouth, and then only about half a dozen. A plague of small black 
houee-Hiei, Nevrmill (J)— *26tlxt Corn harvest began. 

Seftember. — Marcmon (A) — The dry oeaaon has rendered it necessary for 
the growers at a great expense to water the broccoli plants. Caterpillars have 
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Wheat 
Barley 

Oats .... 
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average Date . \ 
Beans 
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Potatoes 

Turnips . . | 
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Hay ( Permanent Pas- \ 
tures) . . / 

Hay (Clover, etc.) 
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TABLE YIIL— Approximate Variations from the Average in Mean 
Temperature, Rainfall, and Sunshine, 1898-99. 

Winter 1898-99. 
Temperature, 



Months. 


m: 


Ire. 
S. 


Eng. 
S. 


^S: 


Eng. 
E. 


Eng. 
N.W. 


Ire. 

N. 


Scot. 
W. 


g"i; 


Scot. 
E. 


Scot. 
N. 


December 
January . 
February . 


+ 5-8 

+ 3-3 

+ 2-3 


+ 5-0 

+ I-0 

+ 0-8 


+ S.3 

+ 5-0 
+ 3-0 


+5.8 

+3-5 

+ 2-0 


+ 5-5 
+4-8 

+ 3-3 


+ 5.8 
+ 2-5 

+ 1-8 


+ 5-3 
+0.5 
+0.3 


+ 5-8 
+0-8 
+0.5 


+ 5-5 
+ 1-8 


+ 5-5 

-I-O 

+0-5 


+3-8 

- I-O 

+0-5 


Winter . 


+ 3-8 


+ 2-3 


+ 4-8 


+ 3-8 


+ 4-5 


+ 3-4 


+ 2-0 


+ 2-4 


+ 3-2 


+ 1-7 


+ I-I 


Eain. 


December 
January . 
February . 


in. 

+0-8 
+ 3-2 
+ 1-3 


in. 
-02 

+ 2-2 

+ 1-4 


in. 
o-o 
+0.3 
+0-4 


in. 
+0.2 
+ 1-2 
+ 0.5 


in. 
+0.1 

+ 0-2 

-0-2 


in. 
+0-1 

+ 2-0 

-0-3 


in. 
00 
+0-7 
-0.4 


in. 
+0-7 
+ I-I 
-1-4 


in. 
-0-8 
+0-5 
-0-4 


in. 
+0-3 
+ I-I 

-0-2 


in. 
+ 5-2 
+ 0-4 
-1-8 


Winter . 


+ 5-3 


+ 3-4 


+0.7 


+ 1-9 


+ 0-I 


+ 1-8 


+0-3 


+0.4 


-0-7 


+ 1-2 


+ 3-8 


Sunshine. 


December 
January . 
February . 


hrs. 
+ 6 
+ I 
+ 6 


hrs. 
- 8 

11 


hrs. 
+ 2 

+ 23 
+ 22 


hrs. 
+ 8 

+ 15 
+ 12 


hrs. 

+25 


hrs. 
+ 5 
+ 9 
+ 11 


hrs. 

- 3 
+ 10 

+ 3 


hrs. 

- 2 
+ I 
+ I 


hrs. 

+ 3 



+ 11 


hrs. 
- 4 
+ 9 
+ 7 


hrs. 
+ 2 


Winter . 


+ '3 


- 9 


+ 47 


+ 35 


+ 66 


+ 25 


+ 10 





+ 14 


+ 12 


+ 31 


Spring 1899. 
Temperature. 


March . 

April 

May 


-^6 

0-0 

-0-4 


+ 1-0 


-a8 
-0.3 
-0-2 


.0-8 

OK> 

-1-4 




+0-8 
-0.8 


+ 0-2 
-0-8 
-1-4 


+ 1-2 
- I-O 
-0.8 


+0-6 00 
-I-O +0-3 

-2-0 - 1-2 


+0.4 
-1-3 
-32 


+0.4 

-2-0 
-2-0 


Spring 


-0.3 


+ 0-2 


-0-4 


-0-7 


-0.5 


-0.7 


- 0-2 - 0-8 1 - 0-3 


-1-4 


- 1-2 




Bain. 






March 

April 

May 


in. 
-1-8 
-1-1-6 
4-0-1 


in. 

- I-O 

+ 1-2 
+0-2 


in. 
-1-5 
+ 1-1 
-10 


in. 

-I-O 

+ 0.5 

-O-I 


in. 
-0-6 
+ 0-9 

-O-I 


in. 
-0-5 
+ 1-6 
+ 0-1 


in. 
-0.5 
+ 2-3 
+0.3 


in. 
+ 0-2 

+ 2-2 

+ I-0 


in. 
-0-3 
+ 0-5 
+ 1-0 


in. 

+ 0-I 

+ 1-4 
+ 1-0 


in. 

Ill 

+0-1 


Spring 


-O-I 


+0.4 


-1-4 


-0-6 


+ 0-2 


+ 1-2 


+ 2-1 


+ 3-4 


+ 1-2 


+ 2-5 


+ 3-2 




Sunshine. 


March 

April 

May 


hrs. 
+ 50 
-34 
+ 19 


hrs. 

+ 41 
-12 
+ 40 


hrs. 

+ 55 
-27 
+ 37 


hrs. 

+ 59 
-27 

+ 33 


hrs. 
+ 52 
-39 
+ 29 


hrs. 

+ 54 
-21 
+ 24 


hrs. 
+ 49 
-14 
+ 24 


hrs. 
+ 20 
-26 
+ 6 


hrs. 
+ 22 
-22 
+ 8 


hrs. 
+ 16 
- I 

+ I 


hrs. 
+ 3 
- 7 

+ 25 


Spring 


+ 35 


+69 


+ 65 


+ 65 


+ 42 


+ 57 


+ 59 

4 





+ 8 


+ 16 


+ 21 



+ indicates above the average, - below it 
L 
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TABLE VIII.— Variations from the Average — Continued. 

Summer 1899. 

Temperature, 



Months. 


S^'. 


Ire. Eng. 

s. 1 sf 


a 


^e 


Ene. 
N.W. 


Ire. 

N. 


Scot 
W. 


Eng. 
N.fc. 


SCOL 

E. 


Scot. 
N. 


Tune 
July . 
August . 


+ 2-8 
+ 2-0 

+ 5-0 


+ 2-5 +1-8 

+ 1-5 +3-8 
+4.4 +4-6 


+ 1.8 
+28 

+ 4-4 


+0.5 
+ 3-3 
+ 3-0 


+ 2< 


+ 20 

+ 1-5 
+ 4-4 


+ 2.3 


+ 12 
+ 2-8 

+ 2.8 


+ 2-3 
+ 1-5 
+ 3-2 


+ 2-3 

+ 2K) 

+ 4-2 


Summer . 


+ 3-3 


+ 2-8! + 3-4 

1 


+ 3-0 


+ 2-3 


"■' 


+ 2-6 


+ 2-5 


+ 2-3 


+^•3 


+ 2.8 


Rain. 


June 

July. . . 

August . 


in. 
-0.4 
-1.5 
-19 


in. 
-05 

-0-2 
-0.5 


in. 

-04 

-1-3 
-1.4 


1 

in. 

-01 

-16 

-18 


in. 
-0-6 
-09 

-2-0 


in. 
+ 0-4 
-0.5 
-19 


in. 
+ 0.4 
-1-3 
-1.7 


in. 

+ 04 
-0.4 
-3-4 


in. 
+ 0-2 
-0-4 
-19 


in. 
-0-2 

OK< 

-2.5 


in. 
- 10 
-0.4 
-3-1 


Summer . 


-3.8 


- 12 


-3-1 ' -3-5 '-3-5 


-20 


-2.6 


-3.4 -2.1 


-27 


-4-5 






Suiishhie. 




June 

July. . . 

August 


hrs. 
+ 44 
+ 39 
+ 123 


hrs. 
+ 13 
- 32 
+ 120 


hrs. 
+ 40 
+ 60 
+ 103 


hrs. 
+ 48 
+ 39 
+ 94 


hrs. 
+ 17 
+ 32 
+ 91 


hrs. 
+ 54 
- 13 
+ 103 


hrs. 
+ II 
- 46 
+ 109 


hrs. 
+ 11 
-27 
+ 50 


hrs. 
+ 20 
-16 
+ 50 


hrs. 

+ 15 
-30 

+ 57 


hrs. 

- 8 

- 37 
+ 147 


Summer . 


+ 206 


+ 10X 


4-203 


+ 181 


+ 140J + 144+ 74 


+ 34 


+ 54 


+ 42 


+ 102 






h 


lUTTM 

Tempe 


N 189 
ralurc 


9. 






September 
October . 
November 


+ 2-3 
+ 1-3 

+4.0 


+ 0.8 
+0-8 

+ 4-2 


• 

+ I-0 

+0-8 
+ 4-4 


+ 0.8 

- I^O 

+ 4-2 


+ 0.5 
-0.5 
+ 4-0 


-0.3 


+ I.S 
+4.6 


+ 5-4 


+ 0.3 
+ 0.51 
+4-8 


e 
-10 

+ 1-8 

+ 5-2 



-o-s 

+ 2-0 

+ 4-8 


Autumn . 


+ 2.5 


+ 19 


+ 21 


+ 1-3 


+ 1-3 


+ 1-6 


+ 2-2 


+ 2K) 


+ 1.9 +20 


!.... 








Ra 


in. 




September 
October . 
November 


in. 
-0.7 

- I'2 
-0.9 


in. 

-M 

-1.9 
00 


in. 
+0-3 
-1-4 

+ 1-2 


in. 
+ 0-6 
-0.4 
-06 


in. 
+ 01 
-0.6 
+ 02 


in. 
+ 1-1 
-1.5 
-04 


in. 
+ 0.7 
-17 

00 


in. 

+ IK) 

-1.5 

+ 1-5 


in. 
-1-6 


in. 

+0.4 


in. 

+ 3-5 
-03 
+ 36 


Autumn . 


-28 


-3-0 


+01 


-0.4 


-0.3,-0.8 


-I-O 


+ 10 


-19 


-0.5 


+ 6.8 






Sun. 


^hine. 


September 
October . 
November 


hrs. 

+ 7 
+ 20 
- 8 


hrs. 

-14 

+ 29 




hrs. 
+ 21 
+ 31 
- 4 


hrs. 
+ 21 

+ 21 
- 6 


hrs. 
+ 21 
+ 24 
- I 


hrs. 
- 4 
+ 43 
+ 5 


hrs. 
- 6 
+ 31 
-17 


hrs. 

- 5 



hrs. 
+ 18 
+ 21 
+ 12 


hrs. 

- 4 
+ 11 

- 2 


hrs. 

- I 
+ 2 
-14 


Autumn . 


+ 19 


+ 15 


+ 48 


+ 36 

1 


+ 44 


+ 44 


+ 8 


-17 


+ 51 


+ 5 


"I3 



The above Table has beeil compiled from the variations from the mean, given in the 
Weekly Weather Reports issued by the Meteorological Office. 
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been very numerous and destructive to all plants of the cabbage family. Mawnan 
(A) — Blackberries especially good and plentiful. Geashill (B)— The haws in 
great beauty. Cabbages suffered much from the larvae of the small white butter- 
fly. Bembridge (C) — Mushrooms very plentiful after rain had set in. Apples 
greatly thinned by maggot of codlin moth. Ghurt Vicarage (O) — Very few wasps 
this season. 22nd. A late brood of swallows still in nest at Vicarage. Ghurt 
(O) — A marked scarcity of holly-berries, but heavy crops of acorns and sweet 
chestnuts. Large quantities of mushrooms. Wasps very scarce. Marlborough 
(O) — Tomatoes and grapes in the open ripened unusually well owing to excess 
of sunshine. Beeston (D) — Very few wasps this season, but a large quantity of 
gnats. Hodsock (D) — 29th. Dahlias spoilt by frost Hitchin (B) — The spring 
at Wellhead, about a mile south-west of Hitchin, has again been dry for some 
months this year, as it was in 1898. As far as I can ascertain, this has not 
occurred before in living memory. Market Wt«lon (E) — Blackberries abundant. 
Clenchwarton (B) — 7 th. Com harvest ended. 8th. Laburnum again in flower. 
PaU (F) — About the middle of the month a few wasps were seen, but none at 
all previously. Pvperstovm (G) — Blackbenies abundant and fine. Numerous 
hips on wild roses. ArUrim (G) — Wasps remarkably scarce. Duror (H) — A 
plague of wasps last year, a dearth of them this year. fVillington (I) — ^Wasps 
very scarce this year. Kirriemuir (J) — ^Very few wasps indeed were seen. New- 
mill (J) — Wasps scarce, earwigs numerous. Beauly (K) — Hardly a wasp to be 
seen. 

October. — Marazion (A) — The main body of the swallows left on the 13th, 
but a small number remained until the 24th. Altamon (A) — 8th. Dahlias 
killed by frost. Havant (O) — Around this district water has been very scarce, 
especially among the hills. Churt Vicarage (O) — The autumn tints very fine. 
Tacolneston (B) — 19th. First Royston crow seen. PaU(F) — The foliage of the 
trees ripened to charming tints of colour. Such wild fruits as mountain-ash 
berries, haws, rose-hips, elder-berries, and acorns abundant, but there was only 
a light crop of beech-mast Ambleside (F) — 10th. Autumn colouring magnificent. 
Jardington (H) — Great scarcity of wasps during the summer and autumn. Chim- 
side (I) — The abrupt departure of swallows on or before October 6 is note- 
worthy. This was most likely owing to the destruction of insects by frost 
previous to that date. 

November. — Maumaii (A) — 30th. Leaves still remaining on the trees in the 
valleys. Altamon (A) — 30th. Some oaks and elms still in partial foliage. St. 
Arvans (A) — 18th. Picked ripe raspberries. 19th. Dahlias blackened by frost. 
Churt Vicarage (O)— 4th. Many oaks and some elms still in full leaf. Chidding- 
fold Ponds at last filled, but the ditches are still dry. Cheaham (D) — 5th. 
Gkithered a ripe alpine strawberry. Watford (D) — Trees quite bare of leaves at 
end of month. Berkhamsted (D) — 18th. Dahlias killed by frost — 14 days later 
than average date for previous 14 years. Beeston (D) — 24th. Some roses still in 
flower. Hodsock (D) — Grass very green at end of month. Sheffield (D) — 27th. 
Geraniums flowering in a window-box facing south in an exposed situation. 
Tacolneston (B) — 19th. First fieldfare seen. Ambleside (F) — Acorns and holly- 
berries very abundant. Cronkboume (P)— 30th. Dahlias still in flower. Lough- 
hriddand (G) — Many trees retained their leaves until the frost on the 30th. 
Ramelton (G) — 30th. Roses still in flower. Duror (H) — 30th. Dahlias still in 
flower. Lilliesleaf (I) — The foliage remained on the trees until the middle of 
this month. Ghimside (I) — Haws plentiful, but holly-berries scarce. 
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DISCUSSION. 

The Chairman (Mr. R. Bentlet) said that a double meed of thanks seemed 
due to Mr. Mawley, firstly for the very interesting survey which he had given 
of the preceding twelve months, and secondly for the labour involved for some 
years in training a staff of observers to collect data upon the subject The 
history of Phenological observation appeared to divide itself into three 
periods : the earliest, until after the time of Sir Thomas Browne, was based 
upon isolated or casual observations scattered through the works of a large 
number of writers ; the second period was a very fertile one, inasmuch as it 
included the work of Linnaeus, Gilbert White in his fascinating Hidory of 
Selbome, Leonard Jenyns, Caroline Molesworth in the Gotham Journals^ Thos. 
Forster, Heinrich Gatke, and others, all of great value. Despite, however, 
the enormous care and industry bestowed upon these, they suffered from the 
disadvantage of being too largely founded upon the records of a single indi- 
vidual, or of one with but few correspondents. Under the third, or present, 
r^me the observations were conducted on a systematic plan simultaiieously 
over a large area, and their accuracy was thereby increased. With the present 
organisation for Phenological research, Mr. Mawley was fortunate, he under- 
stood, in having upwards of a hundred expert observers constantly at work, 
which gave great interest to a Report such as they had before them. 

Mr. F. C. Batard remarked that Mr. Mawley had taken over the work from 
the Rev. T. A. Preston, who for many years had done a great deal of it, and 
who was really the first worker for the Society in this subject Mr. Mawley 
had taken it on when it was likely to fall through about 10 or II years ago, 
and had worked it up to its present point He (Mr. Bayard) was greatly in- 
debted to Mr. Mawley for much information contained in these Reports. One 
especially good feature was the photographs exhibited on the screen, which 
showed the exact conditions prevailing, and which brought the state of things 
before the Meeting in a way that no figures or diagrams could possibly do. For 
instance, the illustration of the canal all overgrown with grass and quite empty 
of water, which was the result of two seasons* drought, graphically showed how 
very dry and hot the weather must have been. It can be shown in the diagrams 
and tables that certain plants and products do not come out well, but that does 
not appeal to the eye so well as the illustration of the dry canal The pictures 
of the ivy-leaf geranium also clearly proved how mild the winters must have 
been, as it was well known that this plant could not stand frost 

Mr. J. HoPKiNSON remarked that the Rev. T. A. Preston's list of plants, 
birds, and insects was a large one, well keeping up the interest of the observers, 
but some species might have been better chosen. With Mr. Mawle/s much 
smaller list a long interval sometimes elapsed between one observation and 
another, which would tend to slacken the observers' interest; but the species 
were all well selected, and there could be no mistake in their identification. 
Although Mr. Preston was the first who worked up the results of Phenological 
observations for the Society, Mr. Mawley had given to the observations that 
degree of accuracy and uniformity which was essential in all meteorological work. 

Mr. H. Mellish said that in his district (Nottinghamshire) the crops did 
not quite correspond with the results given by Mr. Mawley, and that the straw 
yield was a very large one for oats and barley as well as for wheat This was 
possibly the results of the thunderstorms in July, which did not come soutL 
The weather during hay-making also was not very good, but was unsettled and 
thuudery. He had noticed too that farther north the harvest was much 
delayed, much corn in Scotland being still out late in September. 

Dr. R H. Scott remarked that apparently they had not noticed that neither 
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Mr. Mawley nor the Rev. T. A. Preston was the originator of the Phenological 
Reports. In 1874, after the Vienna Congress, a meeting of representatives 
from a number of Societies was held in the Society's rooms, and out of that 
meeting the scheme for the Phenological observations arose. Many plants were 
given for observation, and afterwards birds and insects were added — the late 
Mr. Cordeaux taking great interest in the scheme. Mr. Eaton took part in the 
work of organisation. There was a question as to whether or not it would be 
well to adopt the plan followed in Qermany by Dr. E. Ihne, which included 
the observing of a very limited number of species of plants in all the districts. 

Mr. J. E. Clark drew attention to the essential conditions laid down by 
Mr. Mawley that the same selected plants should be observed from year to year. 
With his own series (1877-97) this could hardly be done, as the observers were 
chiefly in schools and ever shifting. Therefore, earliest observations were 
requested. Yet a rough comparison indicated little difference in results. 
Geranium plants he had found most luxuriant at Christmas 1898, so far east 
as Street, Somerset, but hardly a flower was seen. It would be interesting to 
know what would be considered a drought in the Yorkshire dales. They 
were complaining last August in Wensleydale, yet the " fog," or meadow-land, 
was of the most vivid green. As illustrating how wheat had suffered less than 
other grain, he had passed through a field under the escarpment of the North 
Downs, east of Merstham, where the wheat was more than 5 feet high, so that 
one hardly saw over it 

Mr. W. B. Tripp remarked that in the Isleworth district, in his kitchen garden, 
in rather a dry situation, there was little or no produce during the season, and 
the fruit on some chestnut trees in the neighbourhood was very scanty and small 
sized. Could Mr. Mawley give any explanation of this ? 

Mr. F. A. Bellamy said that he had taken observations for the past 18 
years, and was sorry when the list of plants was so cut down. The list now 
included chiefly large trees and shrubs, and the climatic effect on large trees was 
hardly to be trusted. A few days' sunshine, irrespective of temperature, 
sufficed to bring them into flower, especially the chestnut and blackthorn ; 
while a mild and less sunny period would hardly affect the time of flowering. 
He would like to know if Mr. Mawley had incorporated sunshine and earth 
temperatures in his Report as before ? Their influence acted differently on trees 
and small shallow-rooted plants ; for example, one sharp frost would kill the 
whole plant, but, if the days were sunny, the trees would blossom without such 
a severe check as would affect small plants. Last year both the small and 
large butterflies were unusually abundant, more particularly in June and 
July ; wasps seemed scarce about Oxford. 

Mr. J. E. Clark believed another butterfly had been unusually abundant, 
— the Azure Blue — noticed by him around Croydon, and especially in 
Somerset 

Mr. E. Mawlet said that the principal difference between his own and Mr. 
Preston's method was that on Mr. Preston's list there appeared a large number of 
plants, birds, and insects, whereas under the present method the list of plants, 
etc, had been considerably reduced. Under the previous system it was difficult 
to obtain sufficient observers, as only skilled naturalists were available, but now 
any one with a good knowledge of ordinary country objects could take the 
observations required. His experience had shown that a fairly large staff of 
observers was necessary in order to keep the balance true between the early and 
late localities in each district, and to counteract the disturbing effects of sudden 
changes of temperature, such as so often occurred during the spring. No doubt 
the taller growth made by the com crops in the localities mentioned by 
Mr. Mellish and by Mr. Clark than represented in the Report for the country 
generally, was due, as surmised by Mr. Mellish, to the occurrence of welcome 
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rams, at some critical period of their growth, which most other places had 
missed. It was by no means easy to condense into a few paragraphs the 
general effect of the weather upon farm and other crops in any year. He (Mr. 
Mawley), however, endeavoured, by the study of the observers' notes and the 
weekly reports which appeared in the agricultural and other papers, to ascertain 
as far as possible what had taken place over the British Isles as a whole ; and, 
where marked differences from these average conditions occurred in any laige 
section of the country, to mention briefly the character of those differencea 
He was sorry to say that Mr. J. Cordeaux, the eminent ornithologist, whose 
name had b^n mentioned, had died only last year. In the earlier Reports he 
had had charge of the ornithological section, and since then had been one of the 
Society's most valued observers. With regard to Mr. Tripp's inquiries as to 
the non-fruiting of the horse-chestnut trees in his neighbourhood last year, he 
thought that this perhaps might be explained by the weakened condition of the 
trees through the combined influence of the dry weather and local drainage. 
Remarks on the duration of sunshine in the different seasons would be found in 
the Report, where it would be seen that in the south-west and south of England 
the mean duration exceeded the average during the summer by as much as 200 
hours, which he thought must be a remarkable record. 



Gircalation of the Atmosphere in the Southern Hemisphere. — " I have 
just seen the Geographical Journal for October 1899, which contains a paper by 
H. Arctowski on Antarctic Climate. His tables of barometric pressure show 
readings of from 30*0 ins. to 30*4 ins. occasionally in the winter months. All 
through the year, however, there were very low readings (near 28 ins.) 
occasionally, and the mean for the year was low — 29*39 ins. It is not clear 
from the report how the direction of the wind corresponded with high or low 
pressures, but apparently high pressure occurred with Westerly winds, and low 
pressure most frequently with Easterly winds. 

" It seems evident that the cyclonic and anticyclonic alternations observed 
by the Belgian Expedition so far south as lat 70** cannot be due to the system of 
anticyclones and cyclones which we experience in lats. 35** to 45", but to two 
additional belts of anticyclones and cyclones existing in Antarctic regions, as 
r was led to infer from the ship's logs. These far south cyclones and anti- 
cyclones are subject to displacement northwards and southwards in the same 
way as those in our latitudes, and they are specially subject to a Poleward 
displacement in winter. 

"Probably the central line of the Antarctic cyclones is normally farther 
from the Pole than is indicated on my diagram. I show it in lat. 75° S. The 
Belgian observations would indicate tiat it was nearer 70" S., perhaps 72". 

" I think that the low mean barometer at 70" S. shows that the centres .of 
the cyclones are often near that latitude, and I would infer that the low mean 
barometer which has always been observed in Antarctic regions is mainly due 
to the cyclonic circulation of the atmosphere in that belt of latitude. 

" Other minds may see reason to doubt my conclusions, but it seems to me 
that they are strongly supported by the Belgian observations." — H. Schaw, 
Major-Qeneral R.E., Wellington, New Zealand, November 23, 1899. 
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RESULTS OF PERCOLATION EXPERIMENTS AT 
ROTHAMSTED, Sept. 1870— Aug. 1899. 

By ROBERT H. SCOTT, D.Sc, F.R.S. 

[Read Februaiy 21, 1900.] 

In the Proceedings of the Institution of CivU Engineers, vol. xlv. p. 61, 
and again in the same Proceedings, vol. cv. p. 31, will be found some 
remarks by Sir J. Henry Gilbert on the experiments in percolation which 
have now been carried on for nearly thirty years by Sir J. B. Lawes 
and himself at Rothamsted, with tabular results. 

These tables give the yearly and monthly figures from 1870-71 to 
1889-90. 

Sir Henry Gilbert has lately placed in my hands, for submission to 
the Society, the figures down to the end of August 1899, completing the 
harvest year 1898-99. 

As the values from August 31, 1890, have not yet been published, 
I venture to submit the entire series of 29 years with the present 
communication. 

In the first of the papers cited Sir Henry Gilbert gives a brief account 
of the mode in which the observations were carried out He says, 
speaking of Sir J. B. Lawes and himself : — 

"We took the soil just as it was ; we dug down and undermined it, 
putting iron plates which were drilled with holes underneath. We 
gradually got it underpinned in this way, and built it in with brick and 
cement, so that we had an isolated square of soil entirely undisturbed. 

" The area of each gauge was one-thousandth of an acre.^ We had 
one such gauge with 20 inches, one with 40 inches, and one with 60 
inches depth of soil." 

The rain gauge has the same area as the percolation blocks, viz. one- 
thousandth of an acre. 

Views of the rain gauge and of the percolation gauges ai*e given in 
Figs. 1 and 2 (p. 140). 

The years are counted as harvest years, from September 1 to August 
31. The figures are all inches and decimals of an inch. 

In the original papers Sir. H. Gilbert has given columns for evapora- 
tion in addition to those for percolation, but as the former are obtained 
by subtracting the amount of percolation from the amount of rain, it 
does not appear necessary to reproduce them. 

In Table I. will be found the annual amounts of rain, and of 
percolation, as measured at the three depths above mentioned. 

In Table II. the monthly averages for the entire period are given, 
and also the same grouped into half-yearly periods. 

The interval from September till February, inclusive, is counted as 
^vinter, and the remaining six months, March to August, as summer. 

Finally, Table HI. gives the actual monthly measurements for each 
year of the series. 

On looking at the average results in Table II., it will be seen that in 
the yearly figures, and those for the winter and summer respectively, the 
^ The gauges were rectangular, being 7 feet 8*12 inches by 6 feet. 
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Fig. 1. — View showing the Rain Gauges. 

No. 1. — Small Funnel-gauge, 6 ins. diameter. 
No. 2. — Small Funnel-gauge, 8 ins. diameter. 
No. 3. — Large Qauge — 

Size— 7 ft. 3-12 in. x 6 ft 

Area — One-thousandth of an acre. 

4 Collectors, each holding rain = 0*600 in. 

Gauge-tubes graduated to 0*002 in. 

Overflow tank to hold rain = 2*000 ins. 

Small cylinder tube graduated to 0*001 in. (for quantities less than 0*05 in.). 
No. 4. — Stand with level marble top, for measuring. 




Fio. 2. — View showing the Percolation Gauges. 

Each 7 ft. 3*12 ins. x 6 ft. = iiyVffth acre area. 
Respectively 20, 40, and 60 ins. depth of soil. 
2 Collectors, each holding drainage = 0*500 in. 
Gauge- tubes graduated to 0*002 in. 
Overflow tank to hold drainage = 2*000 ins. 
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amount collected at the depth of 40 inches is always in excess of that 
collected at 20 inches, and also of that collected at 60 inches. 

In the autumn, August to November, the percolation at 20 inches 
is above that at either of the other depths. 

This result, as to the gauge at the depth of 40 inches, seems rather 
unexpected ; and I, unfortunately, have not been able to discover any 
other set of percolation experiments which could be compared with those 
from Kothamsted for similar depths. This much seems evident, that 
water must be raised by capillary action into the stratum below the 
20-inch level, but why this should not take place to the same extent 
in the deeper gauge, at the 60-inch level, as in that at the level of 40 
inches, does not appear evident. 

In the original figures printed by Sir J. H. Gilbert, the eye is caught 
by the occasional appearance of a minus ( - ) sign in the evaporation 
column, showing that in that particular month the percolation exceeded 
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the rain. Of these cases there are twelve in all, and an examination of 
the meteorological observation sheets from Kothamsted shows that in 
every case except one this apparently anomalous result is to be explained 
in one of two ways : — 

1. The occurrence of heavy rain at the close of a month, the water 
from which has not had time to i)ercolate through the soil before the 
month was out, and so has been entered to the succeeding month. 

2. The prevalence of hard frost towards the close of a month, which 
checked percolation until the thaw came, a week or so later. 

The twelve instances were 1870 November, 1879 February, 1880 
January, 1884 December, 1886 January and February, 1887 January, 
1888 March, 1891 February, 1893 March, 1895 January, and 1897 
February. 
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To return to the consideration of the monthly results given in Table 
II. The diagram Fig. 3 shows the monthly averages of rain and of 
percolation at the three depths. It will be seen that the maximum of 
percolation occurs in November, a month later than the maximum 
for rain. 

This is to be anticipated, as the water must require some time to soak 
through the soil. It is, however, remarkable that the secondary maxi- 
mum of rain in July makes its influence distinctly felt in the percolation 
curves. 

In order to show the relation between percolation and rain, I have 
calculated for each month, for the entire 29 years, the percentage which 
the mean percolation, that is, the mean of the three depths, bears to the 
rain for that month. 
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Fio. 4. — Monthly Percentages of RainfaU measured by Percolation. 



The figures are shown in Table IV., and graphically in Fig. 4. It 
will be seen that the curve is simple, with a maximum in January. 

It is therefore obvious how the progressive saturation of the soil, as 
winter comes on, facilitates the access of water to springs. 

The year divides itself into two portions, the values for October and 
March being reasonably coincident. In this curve too the temporary 
rain maximum in July makes itself felt. 

We may say that, on the whole, in the winter months more than 
half the amount of rain penetrates into the soil and is available for 
springs, while in summer this amount only reaches a quarter of that of 
the rain. 

In conclusion, I can only say that we all owe a deep debt of gratitude 
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to our respected Fellow, Sir J. B. Lawes, Bart., the owner of Rothamsted, 
who has for such a lengthened period maintained these observations at 
his own unaided cost, and has thereby placed meteorologists and 
engineers in a position to know something of what happens to the rain 
when it falls. 



TABLE I.— Rainfall and Percolation, Annual Amounts, Harvest Years. 
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TABLE II.— Monthly and Seasonal Averages of Rainfall and 
Percolation for Whole Period. 
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TABLE III.— Monthly Amount of Rainfall and Percolation for each 
Harvest Year (Seftrmber 1— ArausT 81). 
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23P 


March . 








MS 


0-14 


0-28 


0-26 


113 


CK4 


009 


009 


April 
1% . 








279 


1-27 


'5' 


138 


2-;6 


049 


053 


0^43 






3'4B 


r 22 ^ (39 


130 


0^74 


... 


CM32 


003 


Tune 






' S^SS 


2-1 S : 2^24 


218 


1-97 


(H3I 


001 


Q'Oa 






, AH 


1 83 1-97 


1-8 1 


S<^6 


13s 


028 


i'06 


August * 
Vear . 






656 


4-6o 1 4-60 


4-35 


IH07 


0-22 


022 


^ 




4105 


24 44 j 2^3 


2438 


21-36 


6.89 


7^39 


6-50 






1880^ 


1881. 






laai- 


1S8X 




September 


5-86 


3-96 


393 


378 


217 


o-Si 


<>Sl 


0^70 


October . 








S'94 


4^47 


445 


407 


005 


176 


"75 


I-S3 


. November 








2-92 


2-2S 


^S9 


214 


3-47 


2-49 


2-50 


2-29 


. December 








J^47 


2'8Z 


2-85 


2^68 


4^38 


3^95 


4^ 


3*65 


i January . 
\ Febnmry 








1^14 


roi 


I 12 


'■33 


i'S7 


1-24 


138 


12J 






170 


3-43 


371 


3'*9 


2-02 


"■»S 


113 


I-OI 


' Xfarcb . 








2!5 


1^66 


'78 


1-65 


i'S7 


0-45 


0^58 


0-49 


April . 








J'OO 


*►, 


001 


003 


392 


1^7 


177 


157 








138 




001 


CKM 


2-07 


074 


0-S5 


074 


June 








t6| 


0-0 1 


0-02 


0<H 


J'93 


1-25 


i^iS 


0.99 








176 


+.+ 


QOI 


0-0 1 


2-09 


010 


0»I2 


O-IO 


August . 
Vear 




5^82 


377 2^S6 


Z-2t 


2-07 




002 


0-02 




3fr77 


22-38 22-84 


21-26 


32*31 


1581 


I6-0S 


14^32 j 






less- 1883, 






188S' 


1884. 




September 


Z-29 


0-7I OS7 


040 


3*99 


i'6j 


J 4J 


132 


October 








652 


S 4^ , S SS 


S^ro 


2-49 


'^39 


1 SO 


1-3S 


November 








3*44 


2*49 2*6s 


2^41 


352 


277 


2-71 


2*47 ' 


December 








3-38 


3<x» 3-22 


2^9S 


['iG 


0-79 


097 


'>95 


January 








3*30 


289 


311 


2-8 1 


2^56 


r87 


1*81 


'^ 


Febniaiy 






' 0-89 


376 


4-01 


370 


1-42 


072 


0*92 


M^ch . 






(>02 


CH36 


009 


1-66 


113 


118 


MO 


\X' : 






I4» 


0-28 


0-26 


0-22 


179 


0-24 


o-i8 


o-r9 






. i 1-89 


063 0-70 


062 


0-64 


o<M 


009 


on 


'&; ; 






! 2*23 


0^13 


Oil 


0-09 


2*50 


1-09 


1-06 


1^04 






1 4-i2i 


I 44 


142 


1-25 


2*44 


o-j6 


CHlQ 


010 


1 August * 


. I 0S4 


OOI 


CH36 


oos 


160 


003 


005 


CK14 


. Yeai . . , , 34.7, 


2o-8z 21-72 


19-72 


25-77 


11 '86 


12-oa 


11^21 






1884- 


1880. 






18W 


18S8, 




September . , . ' 3*iS 


129 1-26 


i-]t 


Xll 


i'S5 


142 


1 25 


October. 






170 


052 0*47 


0-41 


3'4I 


3 5' 


3*4 


November 






2-05 


072 1 069 


0^1 


I'll 


3-4 < 


3-59 


33' 


December 






. 2-0& 


3-23 , 3^3 


301 


I "33 


I-OO 


I-04 


0-91 


January , 
' February 






299 


2^9 1 3-60 


243 


3-44 


^■l^ 


3^1 


3-92 






a^SS 


2*43 260 


2-45 


eM5i 


o-sS 


0-71 


0^ 


^Jarch . 






1 46 


0"63 


0-71 


067 


I -59 


0-83 


0-93 


0-69 


April 
May . 






2-SS 


1-04 
0-91 


i^ 


0*92 
087 


1.96 
4-24 


0-59 

2^12 


73 1 

3'29 


0-58 1 
'-93 , 


TtiTie 






\ 276 


1*46 


152 


1-46 


123 


CMSS 


OJ2 


o-io 






0^38 


001 


<KJ3 


004 


242 


Oil 


0-14 


0-1 1 , 


Aagit»t , . . ^ T'59 








1*22 


CH)I 


002 


003 


Vcar . . , . 


267S 


14^82 


1514 


13-98 


3t'Oi 


17*37 


18^41 


'6-57 1 



TABLE III.— Continued. 



MOKTH. 



Rain. 



Percolation. 



20 Ins. 40 Ins. 60 Ins. 



Rain. 



September 






1.51 


October . 






3-94 


November 






277 


December 






421 


January . 






2-39 


Februar) 








095 


March 








176 


April 








1 119 


May 








1 235 


fune 








071 


uly 








079 


August 








IK>4 


Year 








i 23-61 



1886- 1887. 



ms. 
001 

! 216 

! 2-46 
I 232 
I 048 
i 021 
013 
004 

0-43 



in& 



; 1-99 

i 262 

2.J8; 

, 383 I 

I 05s 

; 022 

i 0*22 

I 006 

I 0-50 

i 001 



ins. ! 
o-oi 

174 ; 

2-43 
236 

378 
0.51 . 
018 i 
018 I 
007 j 
045 
001 



ins. I 

3" ; 
169 

3-41 
166 

094 I 
103; 
313 
2-14 I 
128 I 

4-87 ; 

3-86 ! 
338 I 



Percolation. 



20 Ins. 40 Ins. 60 Ins. 



1887- 18S8. 



ms. 
036 

0-35 
270 
119 
046 

0-27 

316 

076 
0*07 

238 

0.76 

150 



ms. 
026 
026 
282 

I-3I 
056 

043 
405 
093 
009 
2-49 
083 



ms. 
019 
020 
2-65 

1-23 

0-50 

045 

3-99 
0-88 
009 
2*40 
068 
141 



1 1064 1258 1 172 '3050 ; 13-96 15-58 14-67 



September 

October . 

November 

December 

January . 

Februar)' 

March 

April 

May 

June 

July 

August 



Year 



September 

October . 

November 

December 

January . 

Febrtiary 

March 

April 

May 

{une 
uly 
August 



Year 



September 

October . 

November 
I December 
I January , 

Februar)' 
I March 
I April 

May 
I June 
I July 
I August 



1.03 
1-09 

4-45 
1-69 
1-29 
1-95 
1-89 
2-47 
5-00 
1-38 
5-67 
2-18 



1888- 

0-08 

007 

3-51 

'V 
0-82 

'V 
083 

035 
306 
041 

2-43 
004 



,1889. 

012 

I 003 

I 3-51 

1-60 

I 1.06 

I 1.74 

I 0.85 

I 042 

3-32 

i 0.53 

2.58 

1 006 



009 
002 
329 
1-54 
082 
i-6i 
0S2 

03s 
2.85 
047 
2-42 
005 



I 

2-44 I 
362 I 

I-2I i 
1-46 
2-94 i 

0-82 1 

2.78 i 

i-3i' 
1-38 
240 I 

456 i 

2-51., 



1889-11890. 



077 
2-45 

0-93 
1-29 
242 
048 
171 
001 
012 
006 
2-76 
016 



073 
2-47 
098 
1-46 
2-62 
060 
183 
006 

O-IO 

003 
261 



063 
228 
0-91 

1-34 
2-52 
0-54 
1-69 
006 
010 
0-04 
254 
0-09 



30-09 14-64 1582 : 14.33 2743 ' 13- >6 13-60 



12-74 



1-20 J 

1-57 I 
276 I 
0.56 I 
2*25 I 
0-09 
1-76 
1.50 
3-46 
1-89 I 

2-34: 
4.03 I 



1890- 1891. 
o-i8 o-ii 



1891-1892. 



0-17 
2-05 
0-13 
1-85 
0-I3 

1-34! 
0-68 I 

MO ! 

0-39 I 
0-2I I 
1-72 I 



0-05 
2-10 
0-15 I 



1-47 
0-31 
1-46 
0-72 
1-08 
0-42 

0-I2 
171 



O-II 
0-04 

1-94 
0-13 

2-14 

0-21 

1-34 
0-68 
I 02 
0-41 

0-I3 
1.58 



23-41 9-95 I 9-70 



1-39 
676 
2-25 
4-13 

I-OI 

148 
1-22 
0.79 
1-40 
2-56 
3-00 
3-69 



0-14 

559 
172 
370 
0-90 

0-93 
0-42 

O-OI 

001 
0-27 

1-34 
1-47 



0-13 
5-72 

1-74 
3-92 
1-05 

I-2I 
0-56 
0-05 
OK)I 
0-24 

1-36 
1-44 



9.73 ,29.68 116-50 j 17.43 



0-I3 
5-48 
1-67 

3-77 
0-95 

1-14 
047 
o-o6 
0-03 
o-i6 
128 
1-33 



1892-1893. 



2-46 I 

3-99 I 

2-06 

163 

2-05 

3-62 I 

042 I 

0-25 

1-22 
I-OO I 

3-00 

2-381 



I 02 
2-89 
I 62 
1-40 

1-26 

2-89 
0-38 



1898-11894. 



098 
2-95 
1-81 
1-53 
1-43 
312 
0-50 



0-88 
287 
182 
1-54 
1-40 

3-05 
0.49 

0-02 
O-OI 



0-12 I 0-03 0-03 



I-I4 
4.46 
2-92 
2-63 
238 
1-96 
2-19 
171 
2-07 
2-OI 
2-40 

3-68 



2-75 
1-84 
2-27 

175 
i-ii 
1-26 

O-OI 

001 
o^ 
007 
1-65 



2-66 
2-05 
2-48 
1-89 
1-18 

1-43 
0-03 

O-OI 

0-71 
006 
161 



Year 



24.08 11-58 12-35 12-11,29-55 i3-36|i4.ii 



I 



16.47 



2.51 
2-29 
2-48 
1-88 
118 
138 
0-04 
001 
0-70 
008 
151 



1406 
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TABLE III.— Continued. 



1 


Percolation. 




Pcrcolatior 


.. i 


Month. Rain. , 
















20 1ns. 


40 Ins. 


CO Ins. 




20 Ins. 


40 Ins. 


60 1ns. ; 

1 


1 

1 


1894- 


1896. 






1896- 


1896. 


i 


ins. , 


ins. 


ins. 


ins. . 


ins. 


ins. 


ins. 


ins. 


September . . { 2-22 | 


0.74 


0.75 


0.71 : 


1-06 


O'lO 


0.12 


008 


October 






, 4-98 i 


2.18 


2.15 


213 . 


2.69 


082 


0.84 


072 ! 


November 






4.44 


4.70 


450 1 


4-96 


4.04 


413 


4.16 ! 


December 






2.18 


1.46 


1 6*5 


1.58 


234 


1-84 


2K>4 


201 , 


January 






1 2-23 1 


220 


2-55 


247 


1.12 


0.70 


0.86 


081 1 


February 






0-19 




004 


0.10 


0.59 


0.04 


013 


O-II 


March . 






I.9I j 


0.84 


1.15 


0.97 


3-75 


2.06 


2.20 


213 


April . 
May . 






1 1.47 


0.13 


0-20 


0-20 


0.95 
0-48 


002 


0.13 


0-08 






i ^69 1 




0.04 


0-05 




001 


003 


June 






1 0-45 1 




O-OI 


OK)I 


2.25 


007 


O-II 


O-II ' 


July . 






' 5-12 


199 


209 


1.99 


1.27 




001 


001 


August .... 4>o5 


1.52 


1.62 


1-59 


291 


0-15 


0.17 


O-IO 


Year .... 12894 


15.50 


16.95 


16-30 


24-37 


9.84 


10.75 


IO-35 


I 


1896- 


1897. 






1897- 


1898. 




September . . , 8k>8 


6-14 


6.4s 


6-36 


2.44 


0.9. 


0.96 


0.87 


October 






' 413 


2.82 


3.06 


299 


0.96 








November 






• i 1-39 


078 


0-92 


083 


105 


0-22 


0.14 


0.1 1 


December 






• 4-42 


383 


4.00 


3.81 


0.80 


2.96 


309 


306 


January 






. 203 


1.42 


1.66 


159 


065 


083 


0.82 


February 






. 1 2-92 


320 


3-5« 


3-26 


lOI 


0^1 


0-05 


005 


March . 






. 1 420 


2.54 


2^ 


259 


106 


036 


0-50 


0.49 


April . 






. 191 


023 


0-37 


0.32 


1-44 


0-05 


009 


008 


May 






• 1 172 


CK)I 


005 


005 


289 


0.78 


0.95 


092 


June . 






. 2.73 


0.77 


095 


087 


1.61 




002 


003 


uly 






. 1 0.47 


... 


0-02 


002 


1.45 


OK>I 


001 


0.02 


August . 




• 1 324 


0-I4 


O-II 


O'll 


121 




002 


002 


\ Year . . . . ; 37.24 


21.88 


J23.86 


22.80 


19.51 


5-95 


6-66 


6-47 







Percolation. | 


Month. 






1 




20 Ins. 


40 1ns. 


GO Ins. 






1898- 


1899. 






ins. 


ins. 


ins. 


ins. 


September 


0-60 








October 








2.89 


1-22 


1. 16 


I. "06 


November 








2.44 


1.87 


181 


1-72 


December 








301 


2.37 


2-44 


2-47 


January 








2.96 


2-46 


2.71 


2.75 


February 








2.44 


2.08 


2.13 


2-12 


March . 








0.87 




004 


004 


April 








2-73 


0.67 


076 


0-82 


May . 








281 


1. 12 


1.18 


1-22 


fune 








1.58 


004 


0.04 


0-07 


[uly . 








1.28 


o-i6 


02 1 


0-2I 


August . 








IK)9 








Year ... . 

1 


24.70 


11.99 


12-48 


12-48 
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TABLE IV.— Monthly Mean Percolation and Corresponding 

OF Rain. 


Percentage 




SepL 


Oct- 


Nov, 1 Dec JM. Feb. 


Utr. 


Apr. 


M*r 


'- 


jdy. 


AllR, 


Mean Percolation 
Percentage of Rain 


in. 
091 

34 


in. 
I7fi 

S4 


1 
in. 1 in. in. in. 
2- 1 7! 2-03 1 93 1*41 

74IS1 83 76 


in. 
SI 


in. 
0-55 

28 


in. 

0*54 


in. 
051 

*3 


In. 


in. 

060 

^3 



1 Year, j Winter. Summer. 


Mean Percolation .... 
Percentage of Rain .... 


ins. 1 ins. ins. 
1406 1 10-07 3*82 

48 j 65 28 



DISCUSSION. 

The Chairman (Mr. R. Bentlet) said that the thanks of the Society were due 
to Dr. Scott for the time he had bestowed upon the analysis which had just 
been read of the experiments at Rothamsted, which would be of great service to 
meteorologists, engineers, and agriculturists alike. 

Mr. A. Brewin inquired whether the different nature of soils would not 
affect the results, and whether the amount of percolation would not be different 
with chalk and clay soils ? 

Mr. £. Mawlet said that in regard to the greater percolation through the 
40-inch gauge at Rothamsted, he was of opinion that Sir H. Gilbert's explana- 
tion was the correct one, and that the circumstance was entirely due to the greater 
number of stones in the soil of that gauge. In proof of this he might instance 
his own percolation gauges at Berkhamsted, which contained the natural soil of 
the district, and this had in it a large number of flints of various sizes. Through 
both these gauges the rain passed much more freely than through either of tibe 
Rothamsted gauges. As it happened, the two sets of gauges were at about the 
same height above sea-level, were only about 10 miles apart, and were bare of 
vegetation. Taking the 11 harvest years ending 1898-99, the mean annual 
rainfall at Berkhamsted fell short of that at Rothamsted by 1*41 in. On the 
other hand, the percolation through the Berkhamsted gauge, containing 30 ins. 
of the surface soil of the neighbourhood (disintegrated clay and flints), exceeded 
that through the Rothamsted gauges, which were 20 ins. and 40 ins. deep by 
respectively 4*04 ins. and 3 19 ins. Then again, the percolation through the 
Berkhamsted gauge, containing the subsoil of the district (yellow clay and flints), 
exceeded that through the Rothamsted gauges, which were 20 ins. and 40 ins. 
deep, by respectively 4*41 ins. and 3*66 ins. He (Mr. Mawley) could not 
understand why the percolation should be rather greater through his own gauge 
containing the heavier soil than through the light soil gauge, unless it was that 
the latter soil presented more evaporating surfaces than the heavier soiL The 
fact appeared to be that stones on the surface of land helped to conserve the 
moisture in it by checking evaporation, whereas stones incorporated with the 
soil itself tended to drain it 

Mr. R. H. Curtis suggested that it would be well to give Sir Henry 
Gilbert's letter to which Dr. Scott had referred. 



Herts Mean Rainfall. 


Rothaiiiated Percolation, 


Flow of the 


Winter. 


Year. 


5-feet Gauge. 


Cliadwell Spring. 


% 


% 


% 


% 


+ 11 


+ 20 


+ 20 


+ 1 


+ 12 


+ 6 


+ 1 


-15 


- 8 


- 4 


-11 


-27 


+ 3 


- 6 


- 7 


-43 
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Mr. J. HoPKiNSON exhibited and explained the following table, which 
shows certain comparative results for the last 24 years in periods of 6 years 
each : — 

Period. 

1875-81 
1881-87 
1887-93 
1893-99 

He stated that the years in the first column were from April 1 to March 3 1 ; 
the next two columns gave the difference from the mean rainfall in Hertford- 
shire for the 57 years ending March 31, 1899, the winter six months and the 
year both ending on this day ; the fourth column gave the difference from the 
mean of the 24 years in the percolation through 5 feet of soil, the deepest gauge 
only being utilised in his investigations ; and the last column gave the differ- 
ence in the yield of the Chadwell Spring from the average of 3,600,000 gallons 
per diem accepted as approximately correct by all the engineers of the New 
River Company up to a few years ago. He wished to draw attention to the 
very great falling-off in the yield of this spring, which ceased to flow for some 
months last year, and also during the year 1898 for the first time on record. 
With an annual rainfall for the last 6 years only 6 per cent below the average, 
and a winter rainfall, which is much more telling upon our chalk springs, 3 per 
cent above the average, the yield of the Chadwell Spring had fallen to nearly 
half the average which it maintained before the excessive pumping of the New 
River Company began to tell upon it ; the increase in this draught upon our 
underground water-supplies was thus graphically shown in the greatly decreased 
flow of this spring compared with the rainfall or the percolation. In this table 
he had purposely commenced with the year 1875-76, as the percolation through 
the 60-inch gauge in the years 1871-75 did not tally with the subsequent per- 
colation, being very much less in comparison with the rainfall. It seemed that 
the soil of this gauge had taken 5 years to consolidate, or else there must have 
been some error in the observations. He most strongly protested against 
Dr. Scott's statement that in the winter more than half, and in the summer 
a quarter, of the rain which falls ** penetrates into the soil and is available for 
springs," the fact being that in nature not a quarter of the year's rainfall gets 
down into the chalk to feed the springs, as shown by percolation experiments at 
Nash Mills and Lea Bridge. The Rothamsted gauges were constructed for the 
purpose of analysing the water in order to determine the amount of foreign 
ingredients which it takes up in passing through different depths of soil : not to 
show the amount of water which passes through soil in its normal condition in 
> Hertfordshire. The surface of the soil was kept in an artificially porous condi- 
tion, being frequently hoed, and no vegetation whatever being allowed to grow 
upon it, whereas in the other series of experiments, which corroborate each 
other, grass was allowed to grow, and the soil remained in its natural state. 
There was a generally prevalent impression that we were having a very 
dry time, but that was in comparison with the very wet period of 20 or 
25 years ago, the fact being that we had lately had dry summers but wet 
winters. 

Dr. R. H. SooTT, in reply, said he thought that none of the explanations 
given were very satisfactory, and he could not see why, if the underground 
water rose in the 40-inch gauge, it should not do so at 60 inches. The gauges 
at Rothamsted touch each other, and therefore the soil of each must be the 
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[Mr. R. H. Curtis, in a note to the Secretary, sent in subsequent to the 
meeting, remarks : " With reference to the pecidiar fact brought out by the 
figures given by Dr. Scott, viz. that the total amount of water which passes 
through the 40-inch gauge is greater than that which passes through either 
the 20-inch or the 60-inch gauges, it is important to bear in mind that each of 
the gauges is completely isolated from the ground beneath it and surrounding 
it, and that therefore any capillary action is confined strictly to the depth of 
the strata enclosed in each gauge respectively. But it appears to me that the 
amount of moisture the earth in each gauge is capable of absorbing, and the 
effect of evaporation in restoring some of this again to the air, are important 
points to bear in mind. 

" Supposing the earth in the 20-inch gauge to have become quite dry during 
a spell of warm and dry weather, it is evident that the first rain which falls 
upon it will be retained by the earth, and until a certain minimum amount of 
water has been absorbed none will be available to pass through to be measured 
as percolation. This is a condition which seems, from the monthly figures, to 
have occurred several times during the period they cover. But in the deeper 
gauges there is a greater reserve of water retained by the earth, and the effect 
of capillary action, under the influence of evaporation, will be to keep the earth 
in these gauges moist for a longer period ; and since, owing to their greater 
mass, their general temperature would also in all probability be lower, one 
would further expect that both the relative and also the actual amount of water 
lost from them by evaporation would be smaller than from the shallower 
gauge. 

"Bearing this in mind, it is easy to understand how the 40-inch gauge 
would oftentimes be more nearly in a condition for passing water through it 
than the shallower one would be, and would begin to record percolation earlier ; 
and also how from this cause, combined with a smaller loss of water by evapora- 
tion, the total amount of water which would pass through the 40-inch gauge 
should generally be gi*eater than in the case of the 20-inch gauge. 

" This supposition is, I think, supported by the fact that in nearly every 
case where percolation entirely fails during a month in both the 20-inch and 
the 40-inch gauges, and when, therefore, it may be assumed that both have 
become nearly or quite dry, and are each in a similar condition as regards their 
capacity for absorbing water, the amount of water which passes through the 
shallower gauge when rain next falls is greater than that which passes through 
the deeper 40-inch gauge. 

"To properly investigate the point, the detailed observations are needed, 
together with particulars as to temperature and the character of the weather, 
and these I have not got But as far as can be seen from the figures given in 
the paper, it would appear that with the masses of earth in these gauges there 
is a minimum depth at which the resetve of moisture is usually sufficient to 
maintain the soil in the condition of dampness necessary to facilitate the 
passage of water through them ; and since the 60-inch gauge almost invariably 
gives a smaller amount of percolation than the 40-inch, it is probable that the 
latter depth is not far from the minimum required. 

" Referring now to Table I., it seems to me that the facts indicated by the 
figures would have been more readily appreciated if the percolation had been 
given as a percentage of the amount of rainfall, instead of giving the result in 
inches. I have grouped the figures in the table according to the amount of 
the rainfall, instead of in order of date, and have given the result in percentages 
in the way I suggest, and the results are as follows : — 
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Percentage of Percolation to RainfiUl in 



junoiinii oi tuunuui 
measured in the Year. 


20-inch 40-inch 


60-inch 


Number of 


Gauge. Gauge. 


Gauge. 


Years 


groupe<] 




% % 


% 






Below 28 ins. 


29-7 31-2 


27-3 




3 


From 23 to 26 ins. 


461 47-9 


46-3 




6 


From 26 to 29 ins. 


48-0 49-8 


44-1 




4 


From 29 to 32 ins. 


46-3 48-8 


44-6 




9 


From 32 to 86 ins. 


61-4 54-3 


48-9 




3 


Above 36 ins. 


57-3 61-4 


57-5 




4 


Mean difference 


2-6 per cent 


4-0 per cent 





^' From this table it can at once be seen how not only the actual, but also 
the relative amount of percolation increases with an increased rainfall ; and 
this, I think, may be regarded as due to the fact that in wet seasons the earth 
is more constantly fully charged with moisture, so that less of the rainfall 
is required for absorption and a larger proportion is available to pass through 
the gauges. 

** Whether it is safe to assume, with Dr. Scott, that the proportion of rain 
available for springs is one-half the total fall in winter, and one-fourth of that 
in summer, is doubtful The tables show that the amount of percolation 
diminishes as the depth increases ; but, in addition to this, it must be remem- 
bered that the soil in these gauges is kept bare, whilst in nature it is, as a rule, 
covered with vegetation, which actively assists evaporation in abstracting moisture 
from the ground and restoring it again to the atmosphere ; and each of these 
facts should probably modify our estimate of the percentage of the rainfall which 
may be expected to reach the springs and deeper wells.''] 



Meteorology of Tropical Africa. — The Eighth Report of the British 
Association Committee on the Climatology of Africa, drawn up by Mr. Raven- 
stein, is published in the recently issued General Report of the Association for 
1899. The number of stations from which returns have been received reaches 
the total of 40 as compared with 26 during the previous year. The most valu- 
able work has perhaps been done in Nyasaland, where the meteorological 
service has been organised by Mr. J. M^Clounie, head of the scientific depart- 
ment The very complete series of observations inaugurated by Mr. John Moir 
at Lauderdale in 1894, of which only two years' results had been previously 
published, has been continued without a break, being now brought down to 
1898 by the publication of three additional years' records. The series now 
bears comparison with those obtained by the Germans at the Cameroons and 
elsewhere, and the hours of observation (6 a.nL, 2 p.m., and 9 p.m.) agree with 
those adopted by the latter, except the first, which is an hour earlier at Lauder- 
dale. At the new stations at Zomba and Fort Johnston the first observation is 
made, as by the Germans, at 7 a.m. At Mombasa a continuous record (though 
not so detailed) has been kept by Messrs. Pigott and Craufurd since 1894, but 
the full obeervations begun in 1896 by the Scotch missionaries at Kibwezi 
have been interrupted by the removal of the mission from that station. They 
are being continued, however, at the new station in Kikuyu. A record has 
been kept by Mr. Onnerod of the level of the Tana River at Golbanti, which 
shows that the floods reflect two rainy seasons, which are not those of the lower 
river, but of the country at its source near Mount Kenya. The Tana is there- 
fore a miniature Nile, and offers great potentialities for irrigation. — Geographical 
Magaeine^ April 1900. 
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PBOCEEDINGS AT THE MEETINGS OF THE SOCIETY. 



January 17, 1900. 

Ordinary Meeting, 
Francis Campbell Bayard, LL.M., President, in the Chair. 

CuTHBBRT Ellison Carr, 1 Collingwood Street^ Newcastle-on-Tyne ; 
Augustus Ernest Cheetham, Strayfield, Church Road, Urmston ; 
Adolphus Collenettb, Beaulieu, Hauteville, Quemsey ; 

F. Napier Denison, Meteorological Office, Victoria, British Columbia ; 
George Somes Eunson, 17 Albion Place, Northampton; 

Daniel Hall, Lynwood, Smallshaw, Ashton-under-Lyne ; 
Charles Hawkslet, M.In8t.C.E., 30 Great George Street, S.W. ; 
Arthur Bassett Jones, M.R, M.R.C.S., 37 Marine Terrace, Aberystwith ; 

G. W. KOcHLEEt, M.A., Presidency College, Calcutta ; 
William Henrt Leete, A88ocM.InstC.E., Shire Hall, Bedford ; 
Frank Gardiner Liknell, 6 Cromwell Street, Stretford, Manchester ; 
Eustace Henrt Lipscomb, M.B., Holywell Hill, St. Albans ; 

Leonard Swaine Mortlock Marsh, M.In8tCE., Birley Edge, Wadsley Bridge; 
Arthur Marston, Levant Lodge, Earls Croome, Worcester ; 
William Ernest Milner, Rose Cottage, Berkhamsted ; 
Arthur Latham Ormerod, M.B., Banbury Road, Oxford ; 
Edwin Josiah Poyser, F.Z.S., Dungburgh House, Geldeston, Beccles ; 
Charles Nelson Tween, Assoc. M. Inst C.E., 12 Finsbury Circus, E.C. ; and 
Marcus Warren Zambra, Fontenoy, Finchley Road, Hampstead, N.W. 
were balloted for and duly elected Fellows of the Society. 



January 17, 1900. 

Anntuil General Meeting. 
Francis Campbell Batard, LL.M., President, in the Chair. 

Mr. J. E. Clark and Mr. F. Druce were appointed Scrutineers of ihe 
Ballot for Officers and Council 

Mr. E. Mawlet read the Report of the Council and the Balance-Sheet for 
the year 1899. [This will appear in the next number of the Quarterly Jowmal,'] 

It was proposed by the President, seconded by Mr. K Mawlby, and 
resolved : " That the Report of the Council be received and adopted, and printed 
in the Qiuirterly Journal" 

It was proposed by Dr. J. W. Moore, seconded by Mr. W. M. Beaufort, 
and resolved: ^That the thanks of the Society be given to the Officers and 
other Members of the Council for their services during the past year.'* 

It was proposed by Mr. H. S. Eaton, seconded by Capt M. W. C. Hbfwobth, 
and resolved : " That the thanks of the Society be given to the Standing Com- 
mittees and to the Auditors, and that the Committees be requested to cantinae 
their duties till the next Council Meeting." 
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It was proposed by Mr. R Bextlet, seconded by Major L. Flower, and 
resolved : " That the most cordial thanks of the Royal Meteorological Society 
be communicated to the President and Council of the Institution of Civil 
Engineers for having granted the Society free permission to hold its Meetings 
in the rooms of the Institution." 

The President then delivered an Address on " A New Discussion op the 
Greenwich Meteorological Observations, 1848-1898 " (p. 101). 

It was proposed by Mr. Q. J. Stmons, seconded by Mr. B. Latham, and 
resolved : ** That the thanks of the Society be given to Mr. Francis Campbell 
Batard for his services as President during the past year, and for his Address, 
and that he be requested to allow it to be printed in the Quarterly JoumaV* 

The Scrutineers declared the following gentlemen to be the Officers and 
Council for the ensuing year : — 

President. 
George James Symons, F.RS. 

Vice-Presidents. 

Richard Bentley, F.L.S., F.R.QJS. 

Capt Alpred Carpenter, R.N., D.S.O., F.Z.a 

Henry Newton Dickson, B.Sc., F.R.S.K, F.R.Q.S. 

Sir CuTHBERT Edgar Peek, Bart, M.A., F.RG.S., F.R.A^. 

Treasurer. 
Charles Theodore Willlams, M.A., M.D., F.R.C.P. 

Secretaries. 

Francis Campbell Bayard, LL.M. 
Edward Mawley, F.R.H.S. 

Foreign Secretary. 
Robert Henry Scott, M.A., D.Sc, F.R.S. 

Council. 

Frederick John Brodie. 

Richard Henry Curtis. 

William Henry Dines, B.A. 

William Ellis, F.RS., F.R.A.S. 

Major Lamorock Flower. 

Capt. Melville Willis Campbell Hepworth, F.RA.S. 

John Hopkinson, F.L.S., F.G.S., AssocInstGE. 

Richard Inwards, F.RA.S. 

Baldwin Latham, MlnstC.E., F.Q.S. 

Hugh Robert Mill, D.Sc, F.RS.E., F.RG.S. 

Robert Cockburn Mossman, F.RS.E. 

Capt David Wilson-Barker, F.R.S.E., F.RG.S. 

Mr. F. C. Bayard having left the Chair, it was taken by Mr. G. J. Symons, 
the newly elected President, who thanked the Fellows for having a second time 
elected 1dm to that office. 
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February 21, 1900. 

Ordinary Meeting. 

Richard Bentlet, F.Li5^ Vice-President, in the Chair. 

The Chairman stated that owing to very serioos illnesB Mr. O. J. Stmonb, 
F.R&, had been obliged to resign the office of President, to which be was 
elected at the last Meeting, and that the Council had with rerr great regret 
accepted his resignation. 

The Chairman further stated that the Council had that day, under Bve-Law 5, 
appointed Dr. C. Theodore Williams President, to hold office until the next 
€}eneral Meeting. 

It was proposed by Mr. A. Brewix, seconded by Mr. W. B. Trifp, and 
resolved : ^ That a letter be sent to the relatives of Mr. Stmons expressing the 
sympathy of the Fellows with them in the serious illness of the late President" 

Otto Bernard Cole, 551 Boybton Street, Boston, Mass. ; 
Edward Leigh Mansell Colvile, Kempsey, BoumemouUi ; 
Thomas Joneb Gibb Duncanson, Nutwood, Bickley Park ; 
Stephen Albert Marshall, J.P., Skelwith Fold, Ambleside ; 
Andrew Noble, Sydney Observatory, New South Wales ; and 
William Napier Shaw, M.A., F.R.S., 63 Victoria Street, S.W., 
were balloted for and duly elected Fellows of the Society. 

The following communications were read : — 

1. " Report on the Phenological Observations for 1899." By Edward 
Mawlbt, F.ILMetSoc. (p. 113). 

2. "Results op Percolation Experiments at Rothamsted, 1870-1899." 
By Robert H. Scotp, D.Sc^ F.R.S. (p. 139). 



Hmricanes and Birds. — Mr. T. Digby Pigott, C.R, writes from the Carlton 
Club : — ** I have received from a friend who has lately returned from an annual 
Tisit to St Vincent, where he owns a property, a curious account of the effects 
of the hurricane of September 1898 on the bird-life of that island. A strange 
fact which he mentions would, I think, if you can spare a comer in your 
columns, interest many of your readers. Among the tamest and commonest 
birds before the hurricane was a small bronze-green humming-bird. My corre- 
spondent, in his earlier visits, had been accustomed to see these birds in numbers 
in every direction, often sitting — like house martins and svrallows in English 
summers — in parties on the telephone wires. During a seven weeks' stay in 
the island, just finished, he saw none, and was informed by Mr. Thompson, 
the Administrator, that, so far as he had been able to learn, the bird, since the 
hurricane, had entirely disappeared. The disappearance is the more remark- 
able as other humming-birds less common are still to be seen in St. Vincent, 
though in diminished numbers. Volumes have been written, and have yet to 
be written, on the altering conditions of animal life on the earth, and the con- 
stant gradual removal of birds and beasts from spots where they were once at 
home. But it would not, I think, be very easy to find another instance of the 
obliteration of a numerous species from the avifauna of an island in something 
under an hour and a half." — Times. 




GEORGE JAMES SYMONS, F.R.S. 

(Prendfnt 1880-1 and 1900) 
Born August 6, 1898. Died March 10, 1900. 



Quart. Joum, Roy. Met. Soc. vol. xxvi. pi. ix. 
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(Portrait— Plate IX.) 

George James Symons was the only son of Joseph and Georgiana 
Symons, and was bom at Pimlico on August 6, 1838. He was educated 
at St. Peter's Collegiate School, Eaton Square, and also by a private 
tutor in Leicestershire. 

As a lad he was interested in natural phenomena, and while quite 
young commenced regular observations of the weather. His love of this 
was so strong that his parents were ultimately obliged to allow him to 
follow this branch of science. 

He was elected a Fellow of this Society as early as March 25, 1 856 ; and 
from 1860 to 1863 he served under Admiral FitzRoy in the Meteorological 
Department of the Board of Trade. While there, in addition to other 
useful work, he reduced, tabulated, and discussed the anemometrical 
observations made at Bermuda in 1859-60; these appeared in the 
eighth number of Meteorological Papers published by authority of the 
Board of Trade, 1861. In 1862 he was sent by Admiral FitzRoy to 
superintend the erection of the anemometer entrusted to the care of the 
late Rev. C. Clouston, Sandwick Manse, Orkney. In 1857 he became 
one of the meteorological reporters to the Registrar-Greneral, and continued 
to be so up to the last During his spare time from his duties at the 
Meteorological Department he occupied himself with collecting information 
about English thunderstorms, and the accidents produced by them ; and 
hh first paper, ^On the Thunderstorms of 1857," was read before this 
Society on June 9, 1868. One of his early reports, which had been 
communicated to the British Association about the year 1860, was, at 
the request of the Thunderstorm Committee of the Royal Meteorological 
Society, read at the meeting of the Society on November 21, 1888, and 
printed in the Quarterly Journal^ vol. xv. p. 1. In the introductory note 
to that paper Mr. Sjrmons said : ** It will, however, probably be well to 
explain that it was the fourth report, and the summary of work upon 
thunderstorms to which I had devoted much time in the years 1857, 
1858, and 1859, having established a small organisation analogous, but 
naturally inferior, to the one recently started by the Royal Meteoro- 
logical Society." 

Out of this early thunderstorm inquiry Mr. Symons was led to collect 
statistics of rainfall, which henceforth became his life-work. His first 
annual volume of British Rainfall was for the year 1860, and contained 
records from 168 stations. He was soon obliged to devote his whole 
time to the work, and so had to sever his connection with the Meteoro- 
logical Department. 

How this rainfall organisation grew under his guidance and unceasing 
energy will be seen from the fact that in the volume of British Rainfall 
for 1871 he published records from 1504 stations; for 1881, from 2145 
stations; for 1891, from 2709 stations; while for 1898 he was able to 
publish records from 3404 stations. The collection, examination, and 
tabulation of these records occupied considerable time and also entailed 



156 GEORGE JAMES SYMONS, F.R.S. 

a vast amount of correspondence. In the early years of this work his 
chief assistant, or rather coadjutress, was his mother. 

When Mr. Symons began the collection of rainfall statistics there 
was much diversity in the method of observing ; but by dint of great 
perseverance and by the personal inspection of as many stations as 
possible, he was able in the course of time to secure general uniformity 
of practice in the time of measurement, the mode of entry, the size, 
height, and form of gauge, etc. 

In 1866 he commenced the publication of Symons' 8 Monthly Meteoro- 
logical Magazine, which incorporated and superseded the Rainfall Circular 
which had been issued monthly since 1863 ; and this has been continued 
up to the present time. 

The information and statistics of rainfall which Mr. Symons collected 
soon became of much assistance to civil engineers and others engaged in 
questions of water supply; and in the course of time he became the 
greatest authority on the distribution of rainfall over the country, and was 
an indispensable witness at Parliamentary Committees on questions of 
the water supply of our principal towns. 

From the hands of H.R.H. the Prince of Wales Mr. Symons received 
the Albert Gk)ld Medal of the Society of Arts, which had been awarded to 
him in 1897 "for the services he had rendered to the United Kingdom 
by affording to engineers engaged in the water supply and the sewage 
of towns a trustworthy basis for their work, by establishing and canying 
on during nearly forty years systematic observations (now at over 3000 
stations) of the rainfall of the British Isles, and by recording tabulating, 
and graphically indicating the results of these observations in the annual 
volumes published by himself." 

With the view of ascertaining the variation in the amount of rain 
collected by gauges at various heights above the ground, and also in 
determining whether gauges of different sizes and shapes yielded different 
results, Mr. Symons initiated several series of experiments between 1863 
and 1872, which were carried out first by Col. M. F. Ward at Calne; 
then by the Rev. C. H. Griffith at Strathfield Turgiss ; and subsequently 
by the Rev. F. W. Stow at Hawsker, near Whitby. As the result of 
these experiments, Mr. Symons ultimately recommended the adoption of 
rain-gauges with funnels 5 or 8 ins. in diameter, having deep rims 
(now called Snowdon gauges), and that they should be placed with their 
rims at the height of 1 ft. above the ground. 

Mr. Sjonons designed two patterns of storm-gauges to enable 
observers to note the most minute details of heavy rain during thunder- 
storms. These gauges can be observed at a distance of 20 or more feet 
With one of these gauges at Camden Square, Mr. Symons, on June 23, 
1878, ascertained rain to be falling for 30 seconds at the rate of 12 
ins. an hour. 

In conjunction with Mr. Rogers Field, Mr. Symons arranged for an 
elaborate set of experiments to be carried out with different patterns of 
evaporators. The observations were made at Strathfield Turgiss by the 
Rev. C. H. Griffith during 1870-73. The result was that the pans or 
dishes of small size were found to be worthless, chiefly owing to their 
becoming heated by the sun. The gauge which gave the best results 
was a tank made of stout galvanised iron, 6 ft. square and 2 ft deep; 
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it was sunk in the ground so that the rim was 3 ins. above the grass. 
The water was usually kept 3 ins. below the top. Observations were 
also made of the temperature of the water in the tank and in the 
neighbouring river Loddon. Mr. Symons's conclusion from these records 
was " that the evapoi*ation from the tank accurately represents that from 
the surface of a large body of nearly stagnant water, such as a pond, 
lake, or reservoir, but is rather larger than occurs from rivers, and to a 
less extent than from canals, where the water is in progressive motion." 
In 1884 this tank was removed from Strathfield Turgiss and placed in 
Mr. Symons's garden at 62 Camden Square, where daily observations 
on evaporation have since been made. 

As many different thermometer-stands were in use in the early years, 
Mr. Symons considered that the results from them were not comparable. 
Having obtained a grant from the Royal Society, he arranged for a series 
of comparisons to be carried out to ascertain their relative merits. Eleven 
screens of various patterns (open, closed, wall, etc.) were made and set 
up at Strathfield Turgiss ; and the thermometers in them were read three 
times daily by the Rev. C. H. Griffith from November 1868 to April 
1870. The results of these observations were discussed by Mr. F. 
Gaster, F.R.Met.Soc., and published by the Meteorological Council as 
Appendix II. to the Quarterly Weather Report for 1879. As the result of 
these comparisons and the outcome of a discussion on the subject at the 
meeting of this Society in November 1873, the Stevenson thermometer- 
screen was recommended for geheral adoption in this country. 

About 1876 Mr. Symons brought out a new thermometer for observ- 
ing earth temperature. This consists of an iron tube closed at one end, 
and sunk in the ground to any required depth ; a thermometer fastened 
in a stick is attached to a chain and let down to the bottom of the tube, 
and a cap is placed on the top of the tube to prevent any exchange of 
air and to keep out the rain. This pattern of earth thermometer is now 
in general use at the Society's stations. 

About the same time he also brought out his ** unmistakable true 
north compass," which, by allowing for the difference between the 
magnetic and astronomical north, shows by a black cone the true 
north. 

When the second order stations of this Society were started in 
1874-75, Mr. Symons took a leading part in their organisation, and 
personally inspected the stations during the firat two or tliree years. 
At the meeting on February 19, 1879, a Testimonial Album was pre- 
sented to Mr. Symons, containing nearly 200 photographs of the Fellows, 
in " recognition of the valuable work done by him for the Society by 
inspecting its stations and testing the instruments used by the observers, 
independently of the services rendered by him as one of the Secretaries 
for several years." 

Mr. Symons was for a long time engaged in devising an instrument 
to show the sequence of the various phenomena occurring during thunder- 
storms, and in 1890 MM. Richard Fr^res, of Paris, made for him the 
Brontometer, which he subsequently had in use at Camden Square as 
occasion required. A considerable proportion of the cost of this apparatus 
was defrayed by grants from the Government Grant Fund, and the 
Donation Fund, of the Royal Society. This instrument is provided with 
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endless paper, 12 ins. wide, travelling under the various recording pens 
at the rate of 1*2 in. per minute, or 6 ft. per hour. The velocity of 
the wind is continuously recorded by one of Richard's anemo-cinemo- 
graphs, and the atmospheric pressure by a modified form of thefr 
statoscope, which is so delicate as to give 30 ins. for each inch of the 
mercurial barometer. There are mechanical arrangements whereby the 
observer records : ( 1 ) the commencement, variation in intensity, and 
termination of rain ; (2) the instant of each flash of lightning ; (3) the 
commencement and duration of each clap of thunder; and (4) the 
commencement^ variation in intensity, and termination of hail. 

Mr. Symons served on the Council of this Society from 1863. He 
was President 1880-81, and Secretary in 1873-79, and also in 1882-99. 
He was elected President a second time in Januaiy 1900, in view of the 
Jubilee of the Society taking place during the year ; but, owing to his 
being seized with paralysis on February 1 4, he had, to the great regret 
of his colleagues, to resign this office at the following Council meeting. 
He never rallied from this attack, but passed peacefully away on March 
10, 1900. He was buried at Kensal Green Cemetery on March 16, after 
a Memorial Service had taken place at Holy Trinity Church, Marylebone, 
at which a large number of friends and many eminent representatives of 
science were present, including Lord Lister, the President of the Koyal 
Society. 

Mr. Symons was elected a Fellow of the Royal Society in 1878, and 
was made a member of the Council at the last anniversary meeting. 
He was Chairman of the Rrakatoa Committee of the Royal Society (the 
first suggestion for which inquiry came from himself), and edited their 
comprehensive and valuable report published in 1888, The Eniptum 
of Krakatoa, and subsequent Phenomena. 

When the Lightning Rod Conference was formed in 1878, Mr. 
Symons was appointed the Secretary. He took great interest in the 
work of the Conference, and was the editor of the Report which was 
published in 1882, and for which he was pecuniarily responsible. 

Mr. Symons was a great authority on bibliography. He collected the 
titles of all books and pamphlets bearing on meteorology of which he 
could gain intelligence, and, at the time of his death, these titles amounted 
to about 60,000. In 1882 he had furnished about 20,000 titles to the 
Chief Signal Office, Washington, U.S., with the view of their being printed, 
but this was not fully carried out. It is to be hoped that this biblio- 
graphy may come into the possession of this Society. 

Mr. Symons had an extensive and valuable library, and delighted in 
collecting old and rare books, and in some instances he published repro- 
ductions of them; e.g. Merle's MSS. Consideradones Temperiei pro 7 
annis, 1S37-13U. 

He also published Jiain: hou\ when, wh^e, why U is measured (1867) ; 
Pocket Altitude Tables (1876), three editions; The Floating Island in Der- 
wentvxiter (1888) ; Cowe's Meteorological Register, 1795-1889 (1889). 

Mr. Symons was a regular attendant at the meetings of the British 
Association, and served on various committees. For several years he 
organised a Breakfast on the morning when papers on meteorological 
subjects were to be read, in order to promote friendly intercourse amongst 
observers. 
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He was for some years a member of the Council of the Royal Botanic 
Society, and took a leading part in organising the Evening F^tes. He 
also served on the Council of the Sanitary Institute, and was Registrar 
for a considerable period. He was also a Fellow of other scientific 
societies, and a honorary or corresponding member of several foreign 
societies. 

In 1876 he received a Telford premium of the Institution of Civil 
Engineers for his paper " On the Floods in England and Wales during 
1875 '*; and in 1894 he received a silver medal of the Society of Arts 
for his paper '* Rainfall Records in the British Isles.*' 

In 1891 he became a Chevalier de la Legion d'Honneur. 

Mr. Symons was a frequent correspondent of the Times newspaper, 
writing upon meteorological phenomena of exceptional interest. His 
letters often contained observations carried on up to nearly midnight, 
when he would walk to the newspaper office and deliver them personally. 

In 1866 he married Miss Elizabeth Luke, who helped him very 
considerably in his clerical work. The only child of the marriage died 
in infancy, and Mrs. Symons died in 1884. 

Mr. Symons was a most genial and amiable man, and had the power 
of drawing around him a vast number of friends and voluntary observers. 
He was ever ready to help any one needing advice or information — in 
fact, he spared neither trouble nor money so long as he could render any 
one a service. By his death the Society has lost a beloved President, 
and the science of meteorology a most indefatigable worker. 

[It is satisfactory to know that the rainfall work so long and ably 
carried on by Mr. Sjonons will, by his wish, be continued by his 
coadjutor, Mr. H. Sowerby Wallis, F.R.Met.Soc.] 

At the Meeting of the Society held on Wednesday evening, March 21, 
1900:— 

The President (Dr. C. Theodore Willums) said it was his sad 
duty to announce the loss of one of the greatest supporters and active 
workers of the Society. At the last meeting it was given out from the 
Chair how seriously ill Mr. Symons was, and he had since passed away 
on March 10. What he had done and what projected was really 
wonderful, and in his sixty years he had proved himself one of the most 
active men of the century. The list of new Fellows to be elected that 
night — most of them proposed by Mr. Symons — was a testimony to his 
activity. He did not propose to say much about Mr. Symons that 
evening, but at the Jubilee Meeting next month he would have the 
privilege of reading Mr. Symons's own address which he had specially 
prepared for that occasion, and which was probably the last piece of 
literature he had composed. Mr. Symons joined the Society at the early 
age of eighteen, and had taken part in every branch of meteorology, 
though his principal work was his rainfall organisation. His ingenuity 
was remarkable, and enabled him to successfully surmount all difficulties ; 
and if an instrument required for a special purpose was not available, 
he immediately set to work and invented one. He has left us his work 
to carry on, and also his great example. Not only did he possess the 
faculty of working himself, but he raised up around him a great army of 
co-workers, which at the time of his death numbered over 4000. We 
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all feel much poorer since we have lost a great friend and the Society 
one of its leading spirits. As a rule, a vote of condolence was sent by 
the Council only, but as Mr. Symons's prominence and his personality were 
so remarkable, and also in view of the coming Jubilee in which he was to 
have played so important a part, it has been felt by the Council that the 
Fellows should take part in expressing their sympathy to his relatives, 
and their tribute to his memory. 

Dr. Williams then read the following resolution, which he asked Mr. 
C. Harding to propose : — 

" The Council and Fellows of the Royal Meteorological Society 
have heard with deep regret of the death of their beloved Past- 
President, Mr. George James Symons, F.R.S., which took place on 
March 1 0. 

"He joined the Society on March 25, 1856, and served on the 
Council from 1863. He held the office of Secretary from 1873 to 
1879, and from 1882 to 1899 ; and of President for 1880 and 1881. 
In view of the approaching Jubilee of the Society, the Fellows, at the 
Annual General Meeting on January 1 7, elected him President for the 
second time, but, owing to his being seized with paralysis on February 
1 4, he was obliged to resign this office at the last Council Meeting. 

" The Council and Fellows desire to record their deep sense of 
the irreparable loss the Society has sustained in Mr. Symons's death, 
and their appreciation of the wise counsels and generous support he 
gave, and the ceaseless energy and unfailing courtesy he displayed 
in the conduct of its affairs. 

" The Council and Fellows desire to express their sincere sympathy 
with his relatives in their bereavement" 

Mr. C. Harding, in proposing the resolution, said that he shared in 
common with every Fellow of the Society the deep sense of loss that 
they had sustained. His acquaintance with Mr. Symons extended for 
nearly forty years. As far back as February 1861, he worked in the same 
room with Mr. Symons in the Meteorological Office, and he there learnt 
to respect him thoroughly, and had never had occasion to lessen that 
feeling. Mr. Symons was always ready to assist any one, especially 
when making a research, and would always place at their disposal any 
information and data that he might have received. It is frequently 
stated that meteorologists, as a rule, live long, but it has not proved so in 
this case, and he (Mr. Harding) was sure he was expressing the wish and 
feeling of all meteorologists in proposing this vote of condolence. 

Mr. F. B. Edmonds seconded the resolution. 

Mr. K Mawley said that it was almost impossible to over-estimate 
the loss the Society had sustained in the death of Mr. Symons, and he 
felt all present would agree with him in thinking that there was no one 
connected with the Society who could have been as ill spared. Whether 
at the Council table or at the ordinary meetings, he would be greatly 
missed, for at both everything appeared to turn upon Mr. Symons. 
Indeed, it seemed impossible to realise, after the number of years he had 
worked for the Society, the keen interest he always took in its welfare, 
and his regular attendance at its meetings, that his genial presence, ready 
judgment, and clear expositions were things entirely of the past^ and 
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that he would never take his place among them again. His death, 
occurring as it did so soon after his re-election as President, and just 
before the Jubilee celebrations, rendered his loss doubly sad. 

Mr. J. HoPKiNSON said that he had known Mr. Symons intimately for 
about twenty-six years, and he wished to bear testimony to his extreme 
conscientiousness and great kindness. Some years ago he himself invited 
Mr. Symons to be President of the Hertfordshire Natural History Society, 
of which he was an Honorary Member, but he (Mr. Symons) declined because 
he could not spare the time to attend the meetings regularly, and he con- 
sidered that it would not be doing justice to the Society to fulfil only the 
necessary duties — to deliver an address once a year. For twenty-five years 
the returns of the rainfall in Hertfordshire which he received had been 
compared with those sent to Mr. Symons, and he could testify to the 
care which was exercised in checking the returns and correcting any 
mistakes, no corrections being made without the corroboration of the 
observers. This was a work of considerable labour even for one small 
county alone, the number of rainfall observers in which had increased 
from 15 to 50 since 1874, partly owing to the County Society but more 
to the efforts of Mr. Symons. What then must it be with an army of 
3000 observers 1 

Then as to his kindness. He had found Mr. Symons to be ever 
\inlling to give information required to aid any investigation; for 
instance, he readily supplied any observations which, through being 
received too late for publication, were omitted from the monthly tables 
in his Meteorological Magazine. He thus made all working meteorologists 
who came in contact with him his friends, and his death was undoubtedly 
the greatest loss which could have befallen the Society. 

Mr. W. Marriott said that he would like to add his testimony to 
the memory of Mr. Symons. Since 1873 he had sat by the side of 
Mr. Symons at the meeting table, and had always looked up to him with 
great respect The assistance which Mr. Symons was continually render- 
ing the Society could never be known by any of the Fellows. In 
organising and inspecting the Society's stations he had given the greatest 
help both in time and money; and in recognition of this work a 
Testimonial Album containing nearly 200 photographs of Fellows was 
presented to him on February 19, 1879. At the Lightning Rod Con- 
ference and in the preparation of its Report his help and advice were most 
valuable. At the various Exhibitions held by the Society he rendered 
great assistance both in their preparation and in the loan of exhibits. 
When new premises were required by the Society, Mr. Symons had been 
foremost in looking out for rooms and in attendance at the various 
Committee meetings. His kindly spirit and genial nature were well 
known. He was always regular and punctual in his attendance at 
Council and Committee meetings. Mr. Symons had entered heartily 
into the preparations for the forthcoming Jubilee Celebration, which he 
wished to be a great succesa The Society, by his death, had lost a great 
friend and worker. 

Mr. F. C. Batard spoke of the great help which Mr. Symons had 
given him when the Croydon Microscopical Society started their rainfall 
observations, and it was principally due to his assistance that that branch 
of its work had attained its present standing. Mr. Sjonons had also 
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rendered him valuable assistance when he (Mr. Bayard) was elected to 
follow Dr. Tripe as one of the Secretaries to the Society. 

The President, in conclusion, said he was much pleased at what had 
been said in praise of Mr. Symons. At his funeral on the previous Friday 
he had been glad to notice, in addition to the representatives of other 
Societies, the good attendance especially of the older Fellows of this 
Society and of personal friends of Mr. Symons who were paying him 
their last tribute of respect. It was impossible to take up meteorology 
without coming across Mr. Symons, and once meeting him was to ensure 
his friendship. The President then put the resolution to the meeting, 
which was unanimously adopted. 



COEEESPONDENCE AND NOTES. 

Minimum Temperatures on Mountain Peaks. — In the August Report of 
the California Section, Mr. M^Adie publishes a note from Prof. J. N. Le Conte, 
Professor of Engineering in the University of California, giving the results of 
observations on the summit of Mount Lyell, on the Sierra Nevada Mountains 
of Central California, lat. 37° 44' N. ; long. 119' 16' W. ; altitude, 13,041 
feet :— 

^*0n July 8, 1897, Prof. Le Conte left a minimum thermometer of the 
United States Weather Bureau pattern on the summit. It was enclosed in a 
thin wooden box about 6 inches square and 2 feet long, one side of which was 
laid exactly in line with the edge of the great southern precipice, over 1600 
feet high. Large stones were laid upon it, but one side was exposed to the 
weather, and in no way could it become entirely covered with snow. On June 
5, 1898, the mountain was revisited, and the thermometer box was carefully 
uncovered. The thermometer was in perfect condition and registered — IS^'G F. 
It was reset and left upon the mountain a second year. Prof. Le Conte 
was unable to make the ascent of the mountain in 1899, but Prof H. L 
Randall of the Civil Engineering Department of the State University visited 
the spot in July and obtained the reading. In this case it was ~ T^^'G F. 

" It would be instructive to obtain the minimum winter temperatures of a 
number of high peaks distributed along the crest of the range from Lake Tahoe 
to Mount Whitney." 

In reference to these, Mr. M*Adie writes as follows : — 

" The above experiments were made under the auspices of this oflfice with a 
view of determining the minimum winter temperatures at the top of the Sierra 
Nevada Mountains. Mr. J. N. Le Conte, son of Prof. Joseph Le Conte, is 
an instructor in mechanical engineering in the University of California, and 
also one of the officers of the Sierra Club. He is an acknowledged authority 
upon the High Sierra, and I consider that the Bureau has been fortunate in 
obtaining the services of this gentleman for the experiment. 

" It is very interesting to note that the minimum temperature on Lyell, 
elevation 13,040 feet, was -17°; while at Bodie, elevation 8248 feet^ the 
lowest temperature was - 30°. One of the objective points of meteorological 
investigation at present is the determination of the thickness of the stratum of 
air in which cold waves are thought to have their origin. I believe it is an 
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accepted fact that the mean temperature of the Plain region is lower than that 
of the Rocky Mountains, although the latter are from 5000 to 6000 feet high. 
The experiment on the Sierras seems to confirm this. From many other stand- 
points the experiment is also interesting." 

The accuracy of these results depends in part upon the assumption that the 
thermometer was well ventilated at the time of minimum temperature. So 
many accidents are liable to occur that it would be desirable to expose two or 
more thermometers in different places as a check on each other. — U.S. Monthly 
Weather Review. 

Kite and Balloon Station near Berlin. — The Berlin correspondent of the 
Standard announces that the Royal Prussian Meteorological Institute in Berlin 
is about to make arrangements for the systematic examination of the higher 
strata of the atmosphere by means of special apparatus. In the grounds of the 
Aeronautical Observatory at Tegel — a suburb of Berlin, where Alexander and 
William von Humboldt were buried — registrations of the atmospheric conditions 
at a height of three to five thousand metres will be carried on, if possible, day 
and night with kites and kite-balloons. The registering apparatus, which 
automatically records the pressure, temperature, humidity, and wind velocity 
at these heights, is taken up by a kite-balloon connected with the earth by 
piano wire. An elevation of 4500 metres has been attained by a train of kites 
even without baUoons when there was sufficient wind. — Nature, February 8, 
1900. 

Vertical Circulation of the Atmosphere. — I hope that I may be per- 
mitted to make a short reply to the very interesting discussion which took place 
at the meeting of the Royal Meteorological Society on May 17, 1899, after the 
reading of my paper on " Some Phenomena connected with the Vertical Circula- 
tion of the Atmosphere." ^ 

I am not surprised that many Fellows should have expressed doubts as to 
the possibility of upward and downward currents in the atmosphere being 
indicated by a balanced wind-vane. The reasons assigned for the doubt are 
very difficult to answer in the present state of our knowledge. Yet that 
such currents do exist and are made manifest by a balanced wind-vane, is a 
fact now well established by observation. The observations made in Wellington 
Harbour, it is true, sometimes show the influence of the hills, and of land and 
sea breezes, but thoroughly reliable observations have been made during the 
last four months at Farewell Spit, a low-lying, long, level, sandy spit, the most 
north-westerly point of the Southern Island of New Zealand, where there is no 
obstruction to the free motion of the wind. There the upward motion con- 
nected with cyclonic circulation and the downward motion connected with 
anticyclonic circulation are generally shown very distinctly, and correspond 
with the downward and upward variations in barometric pressure. 

I am not able to picture in my own mind how the atmosphere over a large 
area can move upwards or downwards at a considerable angle of inclination ; 
but I think that it certainly does so. How the vacancy is filled up below the 
ascending current, and how the air escapes below the descending current, I do 
not see clearly. Expansion or compression of the elastic air may be, and 
possibly are, associated' with the movements ; but the motions of isolated 
clouds seem to indicate that there are numerous small whirls within the larger 
circulations, producing both upward and downward motions in the particles of 
air, combined with their onward motion in the direction of the wind. The up 
and down motions are shown, on the balanced wind-vane, by slow or quick 
oscillations ; sometimes these oscillations are about equal up and down, but in 

^ Quarterly Journal, vol. xxv. p. 305. 
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a cyclonic circulation they show a more or less decided preponderance of upward 
motion — and in anticyclonic circulation the preponderance is more frequently 
downwards. In the calm centre of both circulations the balanced wind-vane 
generally shows a li^ht, steady current, either upwards, in the centre of a 
cyclone, or downwards, in an anticyclonic calnL Near the sea -level these 
upward motions are more frequently exhibited than the downward motions, and 
this is what we might expect, seeing that the upward motions originate 
generally at a low level and the downward motions at a high level The 
observations hitherto recorded at Farewell Spit seem to indicate, however, that 
the down current from the following anticyclone under- runs the rear of a 
cyclone, and this probably is the cause of the sudden rise in the barometer 
which occurs when the centre of the cyclonic circulation has passed. 

It was observed in the discussion that flags and smoke give indications of 
a similar nature to those given by a balanced wind- vane ; but in both cases 
gravity acts against ascending currents, and, in the case of smoke, heat acts in 
the upward direction. The information given by these means is neither so 
reliable nor so accurate as that given by the balanced wind-vane, and I am 
sure that any meteorologist who observes for a short time the indications of a 
balanced wind-vane in a freely open situation, will be so interested in the 
story it tells, that he will pursue the quest for more knowledge in this direc- 
tion. When a Southerly storm with falling barometer reached Wellington 
lately, I noticed that the flags of all the shipping in the harbour were pointing 
upwards ; the smoke and the dust also showed that the air motion was upwards 
over a very wide area. But my balanced wind-vane showed that the upward 
inclination was frequently as great as 40° from the horizontal. So when in 
anticyclonic weather, with high barometer, the balanced wind-vane shows a 
downward air motion at an inclination of from 5° to 15**, the smoke from the 
steamers in the harbour and all the chimneys in the city is forced downwards. 
It is clear, therefore, that upward and downward motions of the air take place 
in some way over considerable areas, and it is also a matter of observation that 
these upward and downward motions are associated with downward and upward 
fluctuations of barometric pressure. It was remarked in the discussion that the 
temperature of the air influenced barometric pressure, which undoubtedly is 
a fact A certain volume of warm air is lighter than the same volume of cold 
air ; but if this were the direct cause of the fluctuations in barometric pressure, 
we should have always a low barometer in hot weather and a high barometer in 
cold weather, and we know that this is not so. My view is that variations in 
temperature cause upward and downward currents in the air, and these motions 
cause the fluctuations in barometric pressure at any particular place. 

As regards the interaction of cyclones upon one another, my observations 
agree with those of some of the speakers at the meeting that the occurrence of a 
collision between two storms moving in opposite directions is a rare phenomenon, 
and probably much more rare in England than it is here on the border of the 
anticyclonic belt But I have observed two such cases of which I have given 
full particulars in papers published in the Transactions of the New Zealand 
Institute in 1897, 1898, and they seem to me valuable as throwing some light 
upon the nature of the wave motion of translation of a cyclonic circulation, 
although it is still very difficult to understand. 

Since I wrote the paper which has been discussed, I have derived some fresh 
light on the subject of the circulation of the atmosphere in the Southern hemi- 
sphere south of latitude 45'' from the logs of a number of voyages of steamers 
trading with New Zealand, which I have embodied in a paper published in the 
Transactions of the New Zealand Institute for 1 898, of which a copy is enclosed. 
The theory which I deduced from these logs has received remarkable confirmation 
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from the meteorological records of the late Belgian Antarctic Expedition, which 
show that although a very low barometer prevails during the summer months in 
high southern latitudes — as all Antarctic voyages (necessarily conducted during 
these months) have shown to be the case — yet in the winter months a very high 
barometer was not infrequently observed. I infer that the cause of the low 
barometer is the cyclonic circulation which prevails in a belt situated near the 
70th paraUel of south latitude with its upward air motion, and that anticyclonic 
circulations prevail north of that latitude, and probably south of it also. In 
fact, it would appear that alternate belts of anticyclones and cyclones exist in 
this Southern Hemisphere, as indicated in the diagram illustrating the above 
paper, but that these belts alter their positions notably in winter as compared 
with summer, and less distinctly at other times. This certainly is the case in 
the latitude of New Zealand, cyclonic storms belonging to the belt of cyclones 
south of New Zealand being much more frequently and severely felt in winter 
than in sunmier. 

This new light on the system of circulation of the atmosphere in the Southern 
Hemisphere obliges me to relinquish the hypothesis I ventured to put forward 
in the paper — that our Antarctic cyclones had their origin near the icy regions, 
and that their eastward motion was accelerated by the so-called counter Trade 
Winds. These counter Trade Winds are really the northern parts of cyclones, 
and they become Easterly winds in the southerly parts of the cyclones ; and 
south of these cyclonic circulations lies another belt of anticyclones between 
them and the cyclones of the 70th parallel 

The cause of both cyclones and anticyclones must, I believe, be somewhat as 
I have attempted to describe — the upward and downward motions of the air 
due to variations of temperature, combined with the rotation of the earth ; the 
variations in temperature being produced chiefly by sun heat in the direction of 
the equator and by latent heat in water converted into vapour, when it is made 
appai'ent again by condensation in the regions near the pole. The down rush 
from the anticyclones feeds the cyclones, and the up rush from the cyclones 
feeds the anticyclones. Cyclones move eastward more vigorously than anti- 
cyclones, probably because they are more closely influenced by the rotation of 
the earthy and by its heat. — H. Schaw, Major-General R.E., Wellington, New 
Zealand. 

Hurricanes of the Far East. — In the Meteorologische ZeiUchHft for February 
1900 there appeared the report of a lecture given by Dr. Paul Bergholz before 
the German Association in Munich in 1899 upon the places of origin, paths, and 
zones of the hurricanes of the Far East, the gist of which was as follows : — 

In the year 1897 a work by Senor P. Algu^, entitled Bayuios 6 Cidones 
Filipinos, was published, which brought together and worked up in a clear 
manner the existing material available from such important observatories as 
those of Manilla, Shanghai, Hong-Kong, and Tokio ; and as scarcely any of 
the larger atmospheric disturbances are experienced in the Far East without 
making themselves felt in the Philippine Islands, those observations which have 
been collected in Manilla must therefore be especially numerous. Dr. Bergholz 
says that in the book in question, which aims at being purely practical, the 
general points of view are drawn attention to, such as the places of formation, 
the paths, and the zones of the hurricanes (reference is then made to his Die 
Orkane des fenun Ostens, 1900). "According to Vines,'* he continued, "the 
cyclonic regions of the tropics unite in themselves, in a more or less conspicuous 
manner, the following geographical conditions : — 

**To large continents, rich in bights and bays whose coasts run north and 
south, there are joined in the East wide extents of sea, which are sown with 
islands. These conditions are morecr less completely fulfilled in the cyclonic 

N 
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regions of Central America, the Philippines, the China Sea, and the seas of 
India and — turning to the Southern Hemisphere — of South Africa with the 
neighbouring islands of Madagascar, Mauritius, Rciunion, etc. Different con- 
ditions prevail in these regions at different times." 

He considers that, to be enabled to follow to their places of origin the 
hurricanes of East Asia, observations must, in the first instance, be obtained 
from the Caroline and Marianne Islands, and from that part of the sea which 
lies to the east of Mindanao ; which observations are now being made in 
sufficient numbers for the purpose, if supplemented by those recorded in recent 
years. 

Should the paths of the hurricanes which are accurately known from June 
1878 and onwards be grouped according to the months, not only the tropical 
places of origin are brought to our notice, but one sees that hurricanes of certain 
monthly grouping have much similarity in their positions of origin as well as 
in the paths they pursue. Sharp lines of difference cannot be drawn, it is true, 
as the places of origin and paths of the hurricanes of adjacent months must 
naturally lie close together : those, for example, of September and October. 
Taking this into account in corresponding cases, the hurricanes can be grouped 
together in three monthly groups, the first of which comprises the months of 
December to March inclusive ; the second, April, May, October, and November ; 
and the third the remaining months of the year, which are the so-called typhoon 
months. Many of the tropical cyclones are formed south of 10"* N. lat, none 
north of 20** N., and the place of origin of by far the greater number of them 
lies eastward of the Philippine Islands. 

In the first group of the year the greatest number of hurricanes arises in 
lower latitudes than 10** N., but at the beginning of December and the end of 
March the place of origin extends itself a little farther north, so that for this 
group it lies between 6** and 12** N. lat, 145** and 143^ E. long. In the second 
group the place of formation lies between 17** and 6" N. and 142" to 149* E. 
In the third group the limits are 20° to 8" N. and 139" to 126" E. 

By consulting the isobaric and isothermal charts of the Manilla Observatory, 
1894, it will be found that in the first monthly group the position of origin lies 
between the isobars 757 mm. (29*804 ins.) and 759 mm. (29*882 ins.) and the 
isotherm 27" C. (80-6 Fahr.) and 30" C. (86" Fahr.). The same isobars will be 
seen over the area allotted to the second monthly group associated with the 
isotherm 28" C. (82"-4 Fahr.) and 30" C. (86" Fahr.). In September the zone 
of formation is in the isobar 757 mm. (29*804 ins.), and in the remaining months 
of the third group between the 757 mm. and 759 mm. isobars (29*804 ins. and 
29 '882 ins.). In all months of this group we hit upon the isotherm 28" C. and 
29" C. (8 2" -4 Fahr. and 84"*2 Fahr.). The hurricanes appear, therefore, to be 
formed in regions where neither barometric nor thermal gradients of any 
importance exist — in, as it were, a neutral zone. Their places of origin migrate 
from February to July or August north -north -west, after which they return 
south -south -eastward until Januar)\ In this periodic migration a relation 
between the sun's declination and the place of cyclonic origin may be 
recognised. 

Dr. Bergholz shows how the paths of the tropical hurricanes of East Asia 
arrange themselves into two groups, viz. those of the Pacific Ocean and those of 
the China Sea, by pointing out that the former do not cut the 130" E. long., 
but that those of the China Sea cross this longitude, but incidentally are formed 
actually in the China Sea. 

The following is the table he quotes : — 
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Month. Direction of ^S^vJiS.*"**^ Direction of 

"^°*^ flrst branch. "vTi?"^ second branch. 

( December \ ^- ^^' 

^\ '/II^. N.N.W. u^toir 



I 



Gro«p.i Februa'ry J" ^.N.W. 15° to 19" N.N.E. 

I March 

r April \ 

K October N.W. 1^ to 2r N.E. . 

I November j 

r June ^ 

G^X] Aulust [ N.W.byN. 21° to 25» N.E. by N. 

V. September j 

In general, all the paths of the hurricanes are parabolic, and the mean 
inclination of their paths where they cross the latitude of Manilla is much 
greater than the mean inclination of their paths in their first branch, i.e. before 
they commence to curve. This is especially striking during the months of the first 
group, and it corresponds very well with the fact that the latitude of the vertex 
comes very near to the latitude of Manilla. 

In regard to the paths of the hurricanes of the China Sea, Dr. Bergholz 
pointed out that none of the hurricanes forming in the first monthly group of this 
division appear to recurve or have a parabolic path, but that it is possible they 
may recurve in the interior of the Asiatic Continent ; the observations necessary 
for ascertaining whether this be the case are, however, wanting. Some hurricanes 
of the second group have a parabolic path, and in the China Sea they recurve 
in the south of the Formosa Channel ; but, in consequence of the paths in their 
first branch having a less northerly inclination, while still in the Pacific the 
curve completes itself in relatively low latitudes. The hurricanes which belong 
to the tjrphoon months proper, that is to say to the third group, recurve much 
more frequently and also reach much higher latitudes : the recurving hurricanes 
of this group have many of the attributes which belong to those of the Pacific 
of the same group. 

" If," said the lecturer, " we follow the course of the China Sea hurricanes 
which do not recurve, there results the following : — Hurricanes which form in 
the months of December and March have from the beginning a direction west 
by north, which they maintain on their way through the southern part of the 
China Sea. They land in December and January on the continent in French 
Cochin China and South Annam, and in February and April move to the north, 
almost exclusively in Annam." 

He concludes from this that tlie zone in which these hurricanes originate 
lies between the parallels of 5** and 12** N., and its place of landing is situated 
between 18° and 15*". He finds that the hurricanes of April and May start in 
a north-west by north direction and reach the land — North Ajmam — in April ; 
in May they enter the Gulf of Tonquin or Straits of Hainan, visiting at the 
end of May the neighbourhood of Macao. 

The October cyclones, which take a west-north-west course, reach the con- 
tinent to the north of Hong-Kong in the first days of the month, but later in 
the month they move in a more southerly direction into the Gulf of Tonquin. 

The direction of the hurricane paths is again west by north in November, 
and their place of landing Annam ; the place of origin of this group lies between 
6° and 17° N. lat, and their landing-place between 12° and 23°. Of the 
hurricanes of the third group he states that the June hurricanes progress in a 
north-westerly direction to the south coast of China through the Straits of 
Hainan, but some recurve when south of the Formosa Channel. 

Dr. Bergholz divides the July typhoons, which he states take a north-westerly 
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direction to begin with, into three classes. Those of the first class progress like 
those of June ; those of the second land on the coast of China between Amoj 
and Shanghai, or recurve in a north-north-east direction, traversing the Yellow 
Sea ; and those of the third recurve opposite — and to the eastward of — Formosa, 
and run up the Sea of Japan. 

The direction of the August cyclones is north-west, otherwise their behaviour 
is like that of the July cyclones. In September the initial direction is north- 
west by north, the same as the first and third classes of July. 

In regard to the zone of hurricanes of the months of the third group he 
shows that their place of origin lies between 8' and 20**, and their landing-place 
between 30* and 18**. If, with the help of the isobaric chart, the conditions 
under which the cyclones form themselves in the different months and groups 
of months are traced, the hurricanes of the Pacific of group one will be seen to 
have their origin between two centres of high pressure, of which one is on the 
continent and one in the Pacific Ocean. They run to the centre of low pressure, 
which takes in a portion of the Behring Sea. 

The hurricanes of the China Sea follow lower latitudes, which are reached 
by the extreme isobars of the centre of high pressure lying over Asia ; and 
according as this centre flattens and withdraws from January to March, the 
extreme isobar pushes northward, and the tracks gain in latitude accordingly. 

The hurricanes of the Pacific during April and May, if traced on the isobaric 
chart, will be found to move between the extreme isobars of the high-pressure 
areas of the Pacific Ocean and of Asia ; but those of the China Sea move south 
of the isobar 760 muL (29*922 ins.) of the high-pressure district of Asia, 
skirting the low-pressure district of Hindustan. 

The lecturer then went on to show that during October and November, as 
the high-pressure district in Asia develops the hurricanes ''are pushed more 
into the lower latitudes,'' but the direction of their paths is controlled by the 
development of the district of low pressure in Hindustan. 

" The hurricanes of the Pacific Ocean have for their course, especiaUy 
during October, the great region between the Philippines, Japan, and the 
760 ram. isobar of the high-pressure district of the Pacific" Consequent on 
the further development of the continental high-pressure area in November the 
zone becomes more restricted. The paths of the hurricanes of the Pacific 
belonging to this group are directed towards depressions in high latitudes north- 
north-eastward of Manilla. The withdrawal of the centre of high pressure from 
the coast of Asia in January, and its disappearance until at least the middle of 
September, was given as a characteristic of the months of the third group, and 
in connection with this it was shown that these hurricanes reach high latitudes : 
those of the Pacific recurve near the 125 meridian east of Qreenwich, that is to 
say, nearer to the Philippine Islands than those of the earlier months. 

The hurricanes of the second half of September constitute a special exception 
to the above, as they commence to curve 5" or 8** more to the eastward. 

Dr. Bergholz is of opinion that all the hurricanes of the Pacific Ocean have 
for their object the northern centre of low pressure. The hurricanes of the 
China Sea move along a path persistently more northward until the end of 
August or the beginning of September, as the high-pressure area of the continent 
advances towards the north ; but when, about the middle of September, the 
low pressure migrates farther south, the paths of these cyclones follow. Some 
of the July hurricanes, after recurving, follow a path which has a strong 
northerly tendency, cross the Yellow Sea, and migrate to a centre of low 
pressure which has been formed in Siberia. — Campbell Hepworth. 
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Annals of the Astronomical Observatory of Harvard College, Vol. XLII. 
Part II. Observations made at the Blue Hill Meteorological 
Observatory, Massachusetts, U.S. A., in the years 1897 and 1898, 
under the direction of A. Lawrence Rotch, M.A. 4to. 147 pp. 
Cambridge. 1900. 

Routine observationB and automatic records at the three stations on the 
summit and the base of Blue Hill and in the Naponsel Valley have been 
maintained as in previous years, and the two following investigations mentioned 
in the introduction to the Ohservations for 1896 have been continued. As 
already stated, Blue Hill was one of the stations co-operating in the work of 
the international "Cloud Year," which commenced May 1, 1896. The measure- 
ments with theodolites of the heights and velocities of the clouds ceased April 
30, 1897, but the usual observations of the level, kind, and amount of the 
clouds, and their direction of motion and relative velocity with a nephoscope, 
are still being made, although their publication ended with the year 1897. 
These measurements and observations, reduced in the form recommended by 
the Cloud Committee, preceded by a description of the methods used and by a 
brief discussion of the results by Mr. Clayton, constitute Appendix C. Some 
of the tables include also the measurements made in 1890-91. A summary of 
the observations with the nephoscope during the " Cloud Year " will probably 
be published by the United States Weather Bureau with the similar observations 
at its own stations. 

The exploration of the air by means of kites has been prosecuted with great 
success. In consequence of improvements devised by Messrs. Clayton and 
Fergusson, the kites now fly through larger ranges of wind velocity, and also 
attain greater heights, while at these heights in Uie free air the meteorographs, 
perfected by Mr. Fergusson, record accurately four elements, namely, atmospheric 
pressure, air temperature, relative humidity, and wind velocity. Thirty-eight 
flights were made during 1897, and the average height of the meteorograph 
above the sea was 4557 feet, the maximum height being 11,716 feet. During 
1898 there were 35 flights, of which the average height was 7350 feet, and the 
maximum was 12,070 feet. Throughout several nights the meteorograph was 
maintained at a nearly constant height, and by frequent ascents and descents 
during consecutive days the conditions prevailing in the diflerent strata were 
determined. 

Ice and Ice Movements in Bering Sea during the Spring Months, 8 vo. 1 9 pp. 
Washington Hydrographic Office. 1900. 

The increasing commercial importance of Bering Sea has led to many 
inquiries at the Branch Hydrographic Ofiices on the Pacific coast for information 
as to the earliest date at which navigation of the sea is practicable. The present 
pamphlet is published in response to these inquiries. It has been prepared by 
Mr. James Page, of the Division of Marine Meteorology. 

Metearologische ZeitschrifL Redigirt von Dr. J. Hann und Dr. G. 
Hkllman. January — March, 1900. 4to. 

The principal articles are : — " Ergebnisse der internationalen Ballon fahrten," 
von H. Hergesell (28 pp.). This is the continuation of the paper noticed in the 
number for February 1899. In it he deals with three questions: (1) The 
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determination of temperature ; (2) The temperature above and below ; and (3) 
The actual results of the ascents. The paper is not yet complete. (1) As to 
temperature observations, he recommends a metallic thermometer carefully 
tested beforehand in baths of known temperature. He says the instrument 
behaved admirably, but is somewhat sluggish when compared with ventilated 
thermometers, owing to radiation from the car and other parts of the balloon. 
One important matter comes out — that the descending curve is not so true as 
the ascending one, owing to this radiation. (2) As to the temperature, the 
ascents have proved the existence of enormous variations of temperature at the 
very highest levels reached. Dr. Hergesell says that apparently the temperature 
oscillations rather increase than decrease with altitude. (3) As regards the 
actual ascents, three are described, and weather charts given for the 1600 and 
8000 feet levels. It appears from these — based on nearly a dozen observations 
partly with manned, and partly with unmanned, balloons sent up simultaneously 
over Europe on May 13, 1897, March 24, 1899, and October 3, 1899— that the 
systems of depression over the earth's surface were reproduced in a general sort 
of way at the highest levels reached, at least in tlio first and third cases. This 
is extremely interesting. The balloons always drifted along the supposed iso- 
bars at the upper level. — " Temperatur imd Bewolkung um Ufer des Baikal 
und auf den benachbarten Hohen," von A. Woeikof (5 pp.). This is an account 
of three years' observations at five stations near Lake Baikal, one of them the 
highest station in the Russian system (3000 feet). — In the Reviews for the 
January number there is a notice by Dr. Sprung of Dr. Schreiber's paper " On 
the Modes of determining Wind Force." Dr. Sprung gives a detailed criticism 
of the work of tlie Wind Force Committee of the Royal Meteorological Society 
which is well worth reading. He comes to the conclusion that, after aU, an 
electrical Robinson's instrument of small size is the best, and he maintains that 
the Dines Pressure Tube arrangement cannot be used in cold climates, owing to 
the freezing of the water cylinder. — " Ueber den taglichen Gang der Sommer- 
regen bei verschiedenen Wetterlagen," von Dr. E. Lees (22 pp.). This is a dis- 
cussion of rain records with reference mainly to quantity, and it does not deal 
with the total amounts falling in a short period. Dr. Lees firstly treats of the 
fall according to the wind, as to whether it was Northerly or Southerly. He 
found that these showed distinct differences, but these did not explain the 
double daily maximum. He then took the days of heavy rain (Platzregen) 
on which a minimum of say 0*2 in. fell in an hour, and found that their 
maximum fell decidedly later than that on ordinary rain days. He shows how 
this fact is mainly attributable to the supersaturation of the air with vapour, due 
either to abnormal heating of the lower strata, or to abnormal cooling of the 
upper strata. He then illustrates this by data from Chemnitz, Hohenheim, and 
other localities. At the end he deals with frequency, and shows that at Berlin 
the quantity and frequency are greatest in the forenoon with Northerly, and in 
the afternoon with Southerly winds. — "Ueber Bildungstatten, Bahnen und Zouen 
der Orkane des * Femen Ostens,' " von P. Bergholz (4 pp.). This is a paper read 
at the meeting of the German Association at Munich in 1899 (see note on p. 165). 
The author has also published a book on the same subject, basing it mainly on 
Padre Algu^'s book, Baguws 6 Ciclones Filipinos. Dr. Bergholz's book will 
appear shortly in an English translation. — "Arktis und Antarkis," von A. 
Woeikof (5 pp.). In this paper Dr. Woeikof discusses the results of Nansen's 
observations on his expedition, and compares these with the figures given by the 
Belgian South Pole Expedition as published by Arktowski. These latter are 
the first winter temperatures we possess for those regions. The annual mean for 
TO" 2' S. is 14'''7 F. ; that for 70" N., according to Spitaler's calculation, is 14*-0, 
and to Mohn's, 13''-5. It is, however, doubtful if the year of the Belgian visit 
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was too cold or too warm. On the whole. Dr. Woeikof maintains that the ocean 
climate of the Southern Hemisphere on the parallels of 45*, 60", and 55* is, 
on the whole, about 3° lower than that of the Northern. He concludes the 
paper by anticipating that the results of Borchgrevink's observations will 
probably show extremely low readings of the thermometer. — "Das dynamische 
Princip der Cirkulations-bewegungen in der Atmosphare," von V. Bjerknes 
(10 pp.). This is, as its title shows, a mathematical investigation into atmo- 
spherical circulation. The present paper is only the first instalment — " Die 
Ergebnisse der Beobachtungen der Wolken in Manila in dem intemationalen 
Wolkenjahre," von P. Bergholz (10 pp.). This is a German abstract of Padre 
Algu^'s Las Nvhes en d Archipielago Filipino^ published in 1898. The 
Jesuits have managed to keep up their work despite the troubles of the war, 
as the production of this discussion of their very careful cloud observations 
provea — " Mitteltemperaturen von Ostsibirien," von A. Woeikof (9 pp.). This 
is the reproduction of a paper by Ivjitzky, published in the Annual Report of 
the Cabinet for Physical Geography of the St. Petersburg Academy. There are 
tables for 31 stations, for varying lengths of duration, from 21 years (1875-95) 
for Irkutsk, Nertschinsk, Nikolajewsk, and Wladiwostok; for Werchojansk only 
11 years (1884-94) are available. The tables are very useful, as the figures 
have not been previously collected from the successive yearly volumes. 

Mimthly IVeather Review, Prof. Cleveland Abbe, Editor. Prepared 
under the direction of Willis L. Moore, Chief, U.S. Weather 
Bureau. November 1899 — January 1900. 4to. 

Among the articles and reports are the following : — " Rivers and Floods " 
(4 pp.). — "Climate and Crop Service" (6 pp.). — "Observations at Rivas, Nicaragua" 
(1 p.). — " Ratio of the Discharges of the Chagres River at Gamboa and Bohio 
to the Rainfall in the Watershed above these places " (2 pp.). — " History of the 
Barometer" (1 p.). — "Meteorological Observations at Public Schools" (1 p.). — 
" Precipitation" (1 p.). — " Contributions to the Meteorology of Panama " (1 p.). — 
" Some of the Results of the International Cloud Work for the United States " 
(5 pp.). — "South African Meteorology" (1 p.). — "Climatology of San Diego 
CaL" (1 p.).—" Artificial Rain " (2 pp.). 

Nautkal-Meteorological Annual, 1899. Published by the Danish Meteoro- 
logical Institute. 4to. 244 pp. Copenhagen. 1899. 

The Annwil is published this year in the same compass as the last two 
preceding years, only the title has been changed to Nautical- Meteorological 
Annual instead of, as previously. Nautical- Meteorological Ohservatiom, At the 
same time English text has been adopted instead of French along with the 
Danish text, the Institute presuming that those who abroad take an interest in 
the Annual, and particularly in the accompanying treatises, are more versed in 
the English than in the French language. This volume contains, in addition to 
the tables of observation, two papers by V. Garde on " The State of the Ice in 
the Waters E. and W. of Greenland, 1899" (23 pp.) and "Windcharts of the 
Northernmost Part of the Atlantic and of Davis Strait" (18 pp.). 

Sj/nwns's M(mlhlf/ Meteorological Magazine. January — March 1900. 8vo. 

The principal articles are : — " Low Barometric Pressure on December 29, 
1899" (3 pp.). — "Royal Meteorological Society" (3 pp.). — "Severe Frost in 
December 1899 " (2 pp.). — "Results of Meteorological Observations at Camden 
Square for 40 years, 1858-97" (1 p.). — "Our Climatological Records for the 
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British Empire for 1898" (3 pp.)- 'i'i»*i Editor publishes from month to month 
a Climatologicftl Table of 0))8erv'ation8 at various places in the British Empire. 
In this article he gives the results for 1898, together with a Summary showing 
extremes of temi)erature, etc., at all the stations. — "The Meteor of January 9, 
1900" (2 pp.).— " George James Synions, F.R.S." (1 p.). This is a very brief 
Obituary Notice of the Editor of the Magazine. — **The Snow and Floods of 
February 1900" (0 pp.). This article deals with the heavy snowfall and floods 
which occurred during the month of February. In a large number of places 
the total rainfall for the month exceeded double the average. One of the most 
striking effects of the flood was the destruction of the old bridge at Guildford. 

The Dim-nal Etinge of llain at tlie Seven Observatories in connedion with 
the MeteorohgiaU Office, 1871-90. By R. H. Scorr, D.Sc, F.R.S. 
8vo. 48 pp. London. 1900. 

A discussion of the diurnal march of the fall of rain from the ten years 
1871-80 was published in 1885 as Appendix II. to the Quarterly Weather 
Report for 1877. The expiration of another decade has rendered it desirable 
to ascertain if any features of periodicity, which had not come out in the 
interval of ten years, would show themselves when that interval was doubled. 
The results are representetl graphically in seven plates. 

The curves do not exhibit any marked character as regards quantity, except 
in the summer months, when at four of the stations — Armagh, Aberdeen, Stony- 
hurst, and Kew — there is a decided increase of quantity in the early afternoon 
hours. It is therefore clear that even twenty years are not sufficient to show 
any definite periodicity, should such exist, in the amount of rain which falls 
dunng the twenty-four hours. 

However, at several of the stations there is a decided falling off in quantity 
between 10 and 11 a.m. At Armagh this decrease occurs between 8 and 9 ajn., 
and there is no depression at 11 a.m. 

The papers are changed at 10 a.ni., but this does not seem sufficient to 
account for the diminution in quantity, as at more than one of the stations the 
reduction of quantity is continued till noon, and even later. 



QUAETERLY JOURNAL 



OF THE 



ROYAL METEOROLOGICAL SOCIETY 



Vol. XXVI.] JULY 1900 [No. 115. 



ROYAL METEOROLOGICAL SOCIETY JUBILEE 
CELEBRATION— April 3-4, 1900. 

The Royal Meteorological Society attained its Jubilee on Tuesday, 
April 3, having been founded on April 3, 1850. This Fiftieth Anni- 
versary was celebrated in the following manner : — 

TUESDAY, APRIL 8. 

A Commemoration Meeting was held at the Institution of Civil Engineers, 
Great Qeorge Street, Westminster, at 3 p.m. 

The President, Dr. C. Theodore WilUams, delivered an Address, and Delegates 
from other Societies were received. 

A Conversazione was held at the Royal Institute of Painters in Water 
Colours, Piccadilly, at 8.30 p.m. 

In addition to the Pictures in the Galleries, there was also an Exhibition 
of Meteorological Instruments, Models, and Photographs, and Lantern Demon- 
strations were given by Mr. T. C. Porter (of Eton), CoL H. M. Saunders, and 
Mr. W. Marriott 

Short Concerts were given by the "Schartau" Part-Singers, and Instru- 
mental Music was performed by the Royal Artillery String Band. 

WEDNESDAY, APRIL 4. 

An Excursion was made to the Royal Observatory, Greenwich, by per- 
mission of the Astronomer-Royal (Mr. W. H. M. Christie, F.RS.)., followed 
by a visit to the Painted Hall and Naval Museum of Greenwich Hospital 
About ninety Fellows joined in the excursion. 

A Dinner was held at the Westminster Palace Hotel, Victoria Street, S.W., 
at 7 p.m.1 

^ A lift of the guests will be found on p. 192. 
O 
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COMMEMORATION MEETING, 

April 3, 1900. 

Dr. C. Theodore Williams, President, in the Chair. 

The President announced that the following Delegates from other 
Societies had been appointed to represent them at the Jubilee Celebration, 
and that he was glad to see that nearly all of these were present : — 

The Royal Society, — Prof: J. J. Thomaon, M.A, D.Sc., LLD., F.RS. 

Royal Astronomical Society, — Mr. E. B. Knobel, President 

Royal Geographical Society, — General Sir Henry W. Norman, Q.C.B., 

G.C.M.G., CLE 
Geological Society,— Mt, J. J. H. Teall, F.R.S., President 
Institution of Electrical Engineers, — Prof. Silvanus P. Thompson, D.Sc., 

F.RS., President 
Royal Agricultural Society, — Sir Ernest Clarke, Secretary. 
Royal Horticultural Society. — Sir Trevor Lawrence, Bart, President 
Royal Botanic Society. — Major J. W. N. Cotton. 
Scottish Meteorological Society. — Mr. R^ C. Mossman, F.R.S.E 
Sanitary Institute,— ^t, A Wynter Blyth, M.RC.S. 
Hertfordshire Natural History Society. — Mr. J. Hopkinson, F.LS. 
Oxfordshire Natural History Society. — Mr. H. Balfour, President 
German Meteorological Society. — Prof. Dr. G. Hellmann. 

Mr. F. C. Bayard read the following extracts from letters and 
telegrams which had been received from some of the Honorary Members 
and other institutions : — 

Austrian Meteorological Society, Vienna. — The Austrian Meteorological 
Society sends to its sister, the English Society, on tlie occasion of its Jubilee, its 
warmest greetings and its most sincere congratulations. The Society looks 
back on the long period of active work in Meteorology carried out by eminent 
students of the science which has redounded to the credit of the Royal 
Meteorological Society, and it expresses its hope that the future may be as 
fruitful as the past — Victor von Lang, President; J. M. Psrnter, Vice- 
President 

Roumanian Meteorological Institute, Bucharest — In the name of the 
Roumanian Meteorological Institute at Bucharest, I have the distinguished 
honour of presenting to the Royal Meteorological Society its heartiest con- 
gratulations on the occasion of its Jubilee of fifty year& 

Long live the Royal Meteorological Society, which has always been in the 
first rank for the advancement of our science ! — Pro£ Dr. S. Hepitbs, Director. 

Pro£ R BiLLWiLLER, Zurich. — The Royal Meteorological Society can look 
back on its fifty years' activity with pride and satisfaction. It established 
itself as a private Society in order to organise meteorological observations, and 
to turn them to account for the science, long before the Government had called 
any office into being for the purpose. It is this natural development of the 
subject which has also been the case in this country, where the Gk)vemment 
did not take up the matter until a private Society had proved its practical 
importance. 

Your Society, of which I have the high honour of being an Honorary 
Member, has shown that, notwithstanding the existence of a Government office, 
there is still room for active work and prosecution of the science ; and I am 



JUBILEE CELEBRATION 176 

convinced that in the future the co-operation of the Government office and the 
private Society will work together for the common weal of our science, and will 
secure its solid advancement 

With these words, I beg you to convey to the Royal Meteorological Society 
my warmest congratulations on its Jubilee. 

Dr. A. BuGHAN, F.RS,, Edinburgh. — Kindly convey to your Council my 
extreme regret that I am prevented from expressing on the occasion my 
profound sense of the services which have been rendered to Meteorology by the 
Royal Meteorological Society. 

Dr. N. Ekholm, Stockholm. — I wish to express my best wishes and 
salutations to the Fellows of the Society, and I will send you, as a humble 
expression of homage to the Royal Meteorological Society and the science it so 
successfully has been working for during the past half-century, a paper entitled, 
" On the Variations of the Climate of the Geological and Historical Past and 
their Causes." 

Prof Dr. Julius Hann, Graz. — I wish you to express my congratulations 
to the Royal Meteorological Society. 

Prof H. H. HiLDEBRANDSsoN, Upsala. — I beg you to lay before the Royal 
Meteorological Society my humble and sincere congratulations on the good 
work done during half a century, and my best wishes for the future. 

Dr. W. KoppEN, Hamburg. — Sends his warmest congratulations to the 
Royal Meteorological Society. 

Dr. H. MoHN, Christiania. — Convinced that your Society in the future will 
be, as now, in the van in all meteorological progress, I send the best and most 
heartfelt wishes for its future. 

Geheimrath Dr. G. Neumayer, Hamburg. — I have the honour to send to 
the Royal Meteorological Society on the occasion of its Jubilee my sincerest 
congratulations, and my hopes for its future progress and success. 

Dr. M. Snellen, de Bilt, Utrecht — I wish the Royal Meteorological 
Society great prosperity, and a long and glorious life. 

Dr. H. Wild, Ziirich. — I hope that the Royal Meteorological Society will 
be as prosperous in the future as in the past, in furthering the progress of 
Meteorology. 

The Society can look back on the past fifty years with much satisfaction ; 
and the meteorologists of the whole world will take this opportunity of 
recognising the Society's past activity, and of offering their good wishes for the 
future. 

The President (Dr. C. Theodore Wiluams) expressed his great 
pleasure and satisfaction in receiving the good wishes and congratula- 
tions from BO many friends, and especially from foreign meteorologists 
and foreign meteorological societies. He would like to make a few 
remarks on the circumstances which led up to the present Jubilee 
Celebrations. It was decided in January last by the Council and 
Fellows to elect Mr. Symons as President for the forthcoming Jubilee 
year, and it was unanimously agreed that no one could carry out the 
work in a better or more able manner. Mr. Symons had entered into 
the matter with great spirit, but was to their great sorrow struck down 
with paralysis, which resulted in his death on March 10. It was 
Mr. Symons' expressed wish, whilst lying ill, that another President 
should be elected in his place, and the Council had conferred on him 
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(Dr. Williams) a great honour by appointing him for a second time to 
that responsible position. Mr. Symons, with his usual readiDesa, had, 
before his illness, prepared an Address for this occasion, which he 
(Dr. Williams) would now have the melancholy pri\'ilege of reading, after- 
wards adding a few remarks of his own on Mr. Symons himself and his 
work. 

JUBILEE ADDRESS. 
Prei»ared by the late G. J. Symoss, F.R.S., President. 

We are to-day concerned chiefly with the events of April 3, 1850, 
with the progress of our Society in the subsequent half-century, and 
with thoughts as to its future. 

But I think that it will be well to devote a few minutes to earlier 
times, and so to lead up from the very earliest efibrts to the date at 
which our Society was formed out of the shipwrecked fragments of its 
predecessor. 

The earliest English meteorological observer and recorder of whom 
the work has come down to the present day was the Reverend William 
Merle, Fellow of Merton College, Oxford, and Rector of Driby, near 
Alford, Lincolnshire. He was admitted to the benefice May 13, 1331, 
in the reign of Edward III., and his record of observations for the seven 
years 1337-1344 is still preserved in the Bodleian Library at Oxford, 
and was in 1891 reproduced by photography, translated, and published. 
Of course it contained no instrumental results, but the descriptions of the 
weather were in some respects better than any published now. A re- 
production of the MS. is in the Exhibition. 

Two hundred years have to pass before we can trace anything except 
stray notes of floods, famines, snows, and storms : no observer's name is 
known to me, nor the title of any book published in England upon the 
subject. 

The earliest English book on the weather was, I believe, issued about 
1530, but it has no date ; its title is '* Godfridvs : Here begynneth Thb 
BoKE OF Knowledge of Thynges Vnknowen appertetnyngs to 
AsTRONOMYE, with certayne necessary Rules," etc., 16mo. It is largely 
astrological, but contains weather proverbs based on Aratus, Aristotle, 
Bonatus, and others. This book was extremely popular, and thousands 
of copies of it, or modifications of it, were sold by pedlars even down to 
the present century. This was followed about twenty years later by 
another book of weather proverbs by Leonard Digges, entitled *^ A 
prognostication everlasting of right good effect^ fruitfully augmented by 
the author, containing plaine, briefe, pleasant^ chosen rules to judge the 
weather by the Sunne, Moone, Starres, Comets,'' etc., London, 4to, 1 555. 

I must not occupy time with notes on subsequent publications, except 
in as far as they bear upon that with which we are more ooncemed 
namely, recorded facts. 

Not being sure as to the precedence, in starting weather records, of the 
following men, I am reduced to the necessity of mentioning them in the 
order of their birth and stating what little I know of the work of each. 

The Rev. Dr. John Goad was born in London, February 15, 1616, 
and educated at the Merchant Taylors' School. From 1643 to 1646 he 
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was Vicar of St. Giles's, Oxford, and subsequently for twenty years Head- 
master of Tonbridge and of the Merchant Taylors' Schools. He drew 
up reporU of the weather and presented them personally once a month 
to King James II. Mr. Bentley informs me that some of his MS. records 
are still preserved at the Ashmolean Museum at Oxford. His records 
formed the basis of his " Astro-Meteorologia " published in 1686, but he 
does not appear to have possessed any instruments, although oddly enough 
the following advertisement is found at the end of his book, p. 508 : — 

** The Truest and Best approved Weather-Glasses, both Baroscopes and Thermometers, are 
accurately made by John Warner, a Maker of Mathematical Instruments at the East end of 
Portugal Row, near adjoining to Lincolns-Inn-Fields, London." 

The Hon. Robert Boyle was bom at Lismore in 1627. Although 
this distinguished physicist left no long series of meteorological observa- 
tions, he certainly made a great many on barometric pressure (as early as 
1659), temperature, and humidity, as is proved by several of his almost 
innumerable tracts. 

Dr. Robert Plot, Secretary to the Royal Society, was born at 
Borden in Kent in 1641. He made a series of observations for the year 
1683-4, which, together with a diagram of the barometer for every day 
in that year, is printed in one of the early volumes of the FhU, Trans. 1 
notice that a remark made by Dr. Plot destroys a theory which I once 
held, and it may be well to mention it. When the readings of an 
instrument are marked by a line upon squared paper, they are often said 
to be '* plotted '' ; as I had never seen the process employed previous to 
the above diagram, I traced the word " plotted " to Dr. Plot — but he 
distinctly ascribes it to Dr. Lister, so that we ought apparently to say 
"listered" instead of "plotted." 

The whole paragraph, written by Dr. Plot more than two centuries 
since, is worthy of reproduction : — 

*^ I here give you the Observations of a full Year, made by Order of the Philosophical 
Society at Oxford, not only of the Rise and Fall of the Quicksilver (mark'd by the wandring 
prickt Line, after Dr. Lister*s Method) and the Weather j but also how the Wind stood each 
Day. If the same Observations were made in many foreign and remote Parts at the same 
Time, we should be enabled with some Grounds to examine, not only the Coastings, Breadth, 
and Bounds of the Winds themselves, but of the Weather they bring with them ; and probably 
in Time thereby "learn to be forewarned certainly of divers Emergencies (such as Heats, Colds, 
Dearths, Plagues, and other epidemical Distempers) which are now unaccountable to us ^ and 
by their Causes be instructed for Prevention, or Remedies. Thence too in Time we may hope 
to be informed how far the Positions of the Planets, in Relation to one another, and to the 
fixed Start, are concerned in the Alterations of the Weather, and in bringing and preventing 
Diseases, or other Calamities ; for by this means it is, doubtless, that the Learned Dr. Goad 
of London, has arriv'd to that Pitch of Knowledge he already has in predicting Weather. This, 
no Question, was the Opinion of the industrious Walter [should have been William — G. J. S.] 
Merle, Fellow of Merton College, who thus observed the Weather here at Oxford every Day of 
the Month seven Years together, viz. from January 1337 to January 1344 j the MS. Copy of 
which Observations are yet remaining in the Bodleyan Library. And doubtless it was some 
such Consideration as this, that moved Erasmus Bartholin to make Observations of the Weather 
every Day through the whole Year 167 1, which are printed inter Acta Medica Tho. 
Bartholini." 

Sir Christopher Wren was born at K Knoyle in Wiltshire in 
1632. He is so well known as the architect of St. Paul's Cathedral 
that few persons regard him as Professor of Astronomy at Gresham 
College, as President of the Koyal Society, or as the inventor of the 
first recording rain-gauge, yet on the latter account he certainly merits 
mention here. 
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A few years later (in 1697) several instrumental records were being 
kept, including rainfall, at one station in Essex and at another in 
Lancashire. It is not now necessary to trace these records further. 

I must turn to the history of organisations for securing uniformity 
of procedure among observers. 

The honour of priority of suggestion in this respect rests, according 
to the last quotation, with Dr. Plot, and it was followed by Dr. Jurin, 
Secretary of the Royal Society, whose paper in the FhU, Trans, for 1723 
shows remarkable knowledge and judgment. A few new stations were 
started, but in fifteen years all but one had stopped. Twenty years later 
(in 1744) Mr. Roger Pickering, F.R.S., published a paper on a '* Scheme 
of a Diary of the Weather," but this produced no perceptible effect. 

Gilbert White's enthusiasm and example seem to have proved 
more powerful, for his record at Selbome extended from 1780 to 1793, 
and the number of observers during the ten years 1785 to 1794 was 
greater than in any previous ten years, or indeed than in any other ten 
years up to 1808-17. 

The first English Meteorological Society was foimded in 1823 on the 
suggestion of Mr. J. G. Tatem, an observer then living at Harpenden, 
St. Albans, but subsequently of High Wycombe. The first meeting was 
held at the London Tavern, October 15, 1823, Luke Howard, Thomas 
Forster, and Dr. Birkbeck being among the founders. Sir Benjamin 
Brodie, Sir Henry de la Beche, and Prof. Daniell were members of 
this Society. Very shortly afterwards Luke Howard left London for 
Yorkshire, and the Society went to sleep. It was not wound up, but it 
did so little that in 1836, when Mr. W. H. White proposed the formation 
of a Meteorological Society, Mr. Tatem, the founder of the 1823 Society, 
did not know whether that Society was alive or dead. This proposal 
seems to have so far roused the 1823 Society that it passed on its 
property to the 1836 one, but I cannot trace any formal resolution as 
to the relations of the two Societies. 

The Society formed in 1836 called itself by many names, but generally 
" The Meteorological Society of London." During its whole career Mr. 
W. H. White acted as Secretary, and eventually its death was, I think, 
due to the ever-increasing domination of the astro-meteorological views 
which he entertained. During its period ( 1 836-1 842) many meetings were 
held and much good work was done, details of which are given in our 
Quarterly Journal for 1881. Sir John Herschel, Sir James Ross, and 
Mr. Ruskin were all members of this Society, and contributed to its 
Transactions. 

Just as in 1836 the prior existence of the Society of 1823 was 
ignored, so when the present Society was founded on April 3, 1850, the 
Society of 1836 was itself in turn ignored. This is the more remarkable 
because out of the Council of the 1850 Society no fewer than five were 
office-bearers in the 1 836 Society, which, though it had done nothing for 
six years, had not been formally dissolved. The announcement of the 
establishment of the 1850 Society aroused the old officials, and, as far as 
I am able to judge, their offers and proposals of help towards the 1850 
Society did not meet with the response which might have been expected. 
The result was that the 1850 Society got neither the minute books, the 
MSS., nor the library of the 1836 Society; but in the course of years 
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these have mostly been purchased by a former President of the 1850 
Society and are now in its library. 

We are now in a position to deal with our present Society (the 1850 
one) alone. 

First as to when, where, and by whom, it was started. The " when " 
is soon disposed of — on April 3, 1850, and I believe, but am not sure, 
in the afternoon of that day. The " where " and the " by whom " had 
better be taken together, because they were mutually dependent. The 
late Dr. Lee, F.R.S., was a member of many learned societies, and 
had two (if not more) residences — an official one under the shadow of 
St. Paul's Cathedral, and the somewhat important one of Hartwell 
House, Aylesbury. He and Admiral Smyth, F.E.S., worked much 
together, and Dr. Lee had a good private observatory at Hartwell. 
Moreover, I believe that the worthy old Doctor (of Laws, not Medicine) 
liked to have scientific friends staying with him. And so it came 
about that, fifty years ago, a little gathering of ten meteorologists and 
astronomers assembled in the library of Hartwell were the founders 
of this Society, and it is not a little remarkable that two of them have 
lived to see the jubilee of that day. 

[Since this Address was prepared by Mr. Symons, Mr. £. J. Lowe, 
F.RS., has died, so that Mr. J. Glaisher, F.RS., is now the sole survivor. 
— ^Editor.] 

In our Qyarterly Journal for 1881 will be found a full account of the 
work of the Society during the first thirty years of its existence ; it is 
therefore inexpedient to repeat details then given, and it will perhaps 
be better to give a few personal recollections of early days for comparison 
with present-day facts Imown to all the Fellows. 

During the first half of its career the Society was largely guided by 
its original Secretary and our oldest Fellow, Mr. James Glaisher, F.R.S., 
who nursed it through its infancy and youth and left it to other hands 
only when it was old enough and strong enough to walk alone. 

What small beginnings it had may be illustrated by my own recollec- 
tion of one of the earliest meetings which I attended. It was early in 
1857, i.e, when the Society was scarcely seven years old. Dr. Lee, F.R.S., 
was President. I rang the bell at what appeared to be a private house 
in Cavendish Square, and was ushered into a small sitting-room where 
the total attendance was far less than is now usual at a Council Meeting. 
Dr. Lee, tall and stately as ever, was sitting in an arm-chair at the end 
of a dining-table as President, Mr. Glaisher (Secretary) by his side, with 
a pile of papers before him, and the other members seated round the 
table. 

After the midsummer of 1857, for reasons which I forget, we were 
unable to meet in that room ; happily we had then for President the 
distinguished engineer Eobert Stephenson. He obtained from the Council 
of the Institution of Civil Engineera the great kindness of permission to 
meet in their rooms. But in 1858 the Institution was not possessed of 
a palace with marble halls, but only of a private house, 25 Great George 
Street^ and our meetings used to be held in the old library, i,e, the front 
room on the first floor. 

Officials in this country generally try to stop scientific work. This 
time it was, I believe, the Westminster Vestry ; but it does not matter. 
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for as far as my experience goes, all public bodies are alike. Somebody, 
however, took legal proceedings against the I.C.K for rates or taxes 
or something, and the result was, that until the Institution came out 
triumphant^ they had to stop their kind and wholly gratuitous hospitality, 
and as regards meetings we were homeless and destitute. We held our 
meetings for a time on Ade]phi Terrace, as guests of the Victoria Institute. 
Happily the Law Courts found against the officials, the Institution 
renewed its hospitality, and both in its old building and in the new has 
done everything for us that was possible ever since. 

I have said nothing about our library, our staff, or our rooms. 

Up to 1858 we had practically no library: Mr. Glaisher had some 
books at Blackheath, Dr. Lee had some at Doctors' Commons, and some 
were in a loft at the old house in Cavendish Square. In 1862 our Past 
President, Mr. Eaton, collected them and prepared a catalogue, — about 200 
entries, — not a tithe of the very fine collection which we now have. 

From the very first the Society had an assistant, who (as the Society 
had no home) used to work at Mr. Glaisher's residence ; but it is from 
the appointment of Mr. Marriott as Assistant-Secretary, and the taking 
of a room for library, office, and workroom in the spring of 1872, that 
progress has been most rapid. It is needless to set out the details : those 
who remember Mr. Marriott, all alone, with a few shelves of books in the 
garret of 30 Great George Street, and see our present suite of rooms, our 
library, and our staff, will need no further evidence of progress. 

I must also refer to our Charter. Originally we were merely a 
voluntary association, but in 1866 we obtained a Royal Charter whereby 
the Members of the British Meteorological Society were all changed into 
Fellows of the Meteorological Society. In 1882 our then President^ 
Mr. J. Knox Laughton, carried us a step further, for he obtained from our 
beloved Queen permission to use the prefix of Royal. Thus we arrive at 
our present status of The Royal Meteorological Society. Most persons 
would hold that we could not desire more ; I do — and I do not think that 
justice will be done until we get it. 

When old Burlington House (which I well remember) was pulled 
down and the present one was erected, the Government provided 
comfortable accommodation for the Royal Academy, the Royal Society, 
and five or six other of the richest of the scientific societies. That was 
quite right, and, if our rulers did but know it, was one of the best 
investments that Government ever made. But can anybody say why the 
rich societies ought to have quarters free and the (relatively) poor ones 
be made to pay rent, rates, etc.? The sooner the nation appreciates 
science at its true value, and builds a proper centre for the smaller 
societies, the better will it be for the country. 

It would take too long to epitomise our work. We claim for 
ourselves, and we grant to all who attend our meetings, absolute freedom 
of discussion ; and we leave our publications. Reports, Proceedings, 
Quarterly Journal, and Record as the best evidence of what we have 
done. Perhaps, however, I ought, for the benefit of our newer Fellows, to 
mention some of the steps taken by the Society in order to advance and 
popularise the science. 

In 1878 the President (Mr. C. Greaves) and Council arranged for the 
delivery of a course of six free public lectures upon Meteorology by 
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experts in various branches. These were published in 1879 under the 
collective title of Modern Meteorology^ and were so appreciated upon the 
Continent that they were translated into German and published at 
Brunswick in 1882. 

In 1881 we commenced our series of annual or triennial Exhibitions 
of Instruments ancient and modem, — typical, and frequently remarkably 
ample, illustrations of the development of single instruments, such as 
barometers, thermometers, hygrometers, anemometers, etc., from the 
earliest to those of the present day, — these exhibitions being accompanied 
by a unique series of monographs by our successive Presidents. Fourteen 
of these exhibitions have been held, and the series of catalogues is a 
perfect store of information as to instruments ancient and modern. 

Another recent addition to our work is the forming and classifying a 
collection of many hundred photographs of meteorological interest, from 
which again a further branch has been organised for the preparation and 
storage of lantern photographs of meteorological subjects, which are lent 
to our Fellows for lecture purposes. 

Of our research and organising work I have not time to speak fully, 
but among the former I ought to mention the temperature observations 
on Boston Church Tower and on the tower of Lincoln Cathedral, and 
those on wind-force at Hersham and on H.M.S. Worcester, Of organisa- 
tions I may quote the Conferences on Phenological Observations, and on 
Lightning Conductors ; and I personally, as Chairman of the Committee 
of the Royal Society upon the Eruption of Krakatoa, feel bound to 
express our indebtedness to the two representatives of the Royal 
Meteorological Society upon that Committee, viz. the Hon. Rollo Russell 
and Prof. Archibald — our report sufficiently shows the extent and the 
quality of their work. Very much remains to be done, but there is not 
time to deal with that to-day. 

I hope that this retrospect will stimulate our younger Fellows to see 
to it that the Centenary may show even a better record than the 
Jubilee. 



JUBILEE ADDRESS. 
{Complementary to Mr, Syrnons\) 

By C. Theodore Williams, M.D., F.RC.P., President 

And now that I have read to you the last sentences which Mr. Symons 
wrote, I will say a word on the man and his work. Symons was a man 
of unceasing energy, of extreme ingenuity and foresight and great industry, 
and withal possessed of a heart as kindly and free from self-seeking as it 
is possible to conceive. His humility about his achievements was remark- 
able, but his good-nature and readiness to help other workers, even at a 
cost of his own valuable time, was more striking still. 

Symons was brought up with but small educational advantages, and 
these only enjoyed early in life. No public school or university education 
fell to his lot^ but having been taught in his early days how to learn, his 
own dogged perseverance and the school of adversity did the rest. He 
once related to me that after his father's death, in order to assist his 
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mother, he had to engage in trade, and found it a most uncongenial occu- 
pation for a student of science ; and when, to his delight, he managed to 
save enough money, he attended a course of lectures on physics Professor 
Tyndall was then giving at the Normal School, South Kensington. This 
course was so well mastered by young Symons, that at the examination 
at its close he came out firsts and naturally attracted the Professor's 
attention and his kindly interest, and afterwards, on Symons asking his 
help towards a scientific career, Tyndall persuaded Admiral FitzRoy to 
give him an appointment in the newly-organised Meteorological Depart- 
ment, where he remained for some years, thus reminding us of the well- 
known introduction of Faraday to Sir Humphry Davy. 

But the trammels of official life could not long bind such an inde- 
pendent spirit as Symons', which burned to investigate the universe in 
his own way, and foreseeing the enormous importance a knowledge of 
the rainfall would prove, when questions of supplying large towns with 
water arose, he began his observations on rainfall, and by example and 
perseverance enlisted a vast number of observers all over the country, 
himself inspecting the gauges and collating all the observations; and 
year by year the numbers of stations and observers increased, so that 
at the time of his death there were 3414 stations scattered throughout 
England and Wales, Scotland and Ireland, garrisoned by the largest army 
of voluntary observers ever known in any country. The results of all 
the records are embodied in the volumes of British Rainfall, which is 
a standard work, indispensable not only to meteorologists, but also to 
civil engineers, horticulturists, and sanitary experts among others. 

Mr. Symons, like many distinguished men, owed much to his mother, 
who was evidently a woman of considerable intellect and power, and, 
as Mr. Charles Harding informs me, in the early days of the rainfall 
organisation assisted her son greatly in clerical work and in discussion 
of the results. 

Mr. Symons was a pleasant speaker and a fluent and easy writer, and 
his letters to the Times on meteorological subjects were welcome to that 
journal and its large circle of readers, while his own Maffozine was always 
well worth reading. His ingenuity was shown in the number of improve- 
ments he introduced into meteorological instruments — witness the earth- 
thermometers and the rain-gauges. 

He devised the brontometer which was exhibited at the Eoyal Society 
in 1890, a rather complex instrument which registers each lightning flash, 
measures the interval before the thunderclap, and records (1) the duration 
of the latter, (2) the time and duration of the rain and hail, also (3) the 
variations in atmospheric pressure, as well as the wind pressure. 

In Mr. Symons' garden was a complete station abounding in ingenious 
contrivances, and in his house was one of the best — perhaps the very 
best — meteorological library in existence, containing many curious old 
works, besides the modem literature of the subject in all languages ; but 
he did not restrict himself to meteorology, but collected books generally 
with all the ardour of a bibliophile. But, in describing Mr. Symons, we 
must never forget how the goodness of his heart enhanced the greatness 
of his genius, and rendered it doubly useful to his fellow- workers, and it 
was this Society which profited most largely by the generous combination. 
If ever, through illness or absence, the promised paper or address were not 
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forthcoming, Mr. Symons was always ready with a contribution, which 
was sure to be instructive and edifying, and would lead to a good 
discussion. By his will Mr. Symons bequeaths to the Society £200, 
the great bulk of his library, and the album of photographs presented to 
him by the Fellows in 1879. 

When we review his life and work, we cannot but come to the con- 
clusion that he has not lived in vain, that while himself actively urging 
on the progress of meteorological science, he organised his large body of 
efficient workers to pursue his labours after him, and he bequeaths to us 
— ^most precious legacy of all — his own bright example. 

In addition to the work mentioned in Mr. Symons* Address, our 
Society maintains a number of meteorological stations, and these are of 
two kinds. 

1. Second order stations organised in 1874, where regular observa- 
tions on pressure, temperature, humidity, wind, cloud and rain, etc., are 
conducted twice a day, viz. at 9 a.m. and p.m. The number of these 
is 23. 

2. Climatological stations started on January 1, 1880. Of these 
there are 70, where the observations are only taken once a day, at 9 a.m. 
All these stations are regularly inspected by our Assistant-Secretary and 
reported on to the Council. The returns are received in our office and 
then checked and printed in the Meteorological Record, 

Phenological observations have been carried on for many years, first 
under the superintendence of the Eev. T. A. Preston, and subsequently 
under Mr. Mawley's direction. 

The Society has of late years made several scientific investigations, 
two of which call for special notice. 

1. Thunderstorm investigations. This resulted in a most interesting 
collection of photographs of lightning, and it has demonstrated that the 
old conventional form of flash, as seen in many well-known paintings, 
is erroneous, and that it really resembles the discharging spark or stream 
to be seen at the pole of an electric battery. Moreover, that when a photo- 
graph of an electric spark is compared with a lightning flash, they are 
seen to be almost identical. Turner, of all landscape painters, as 
Mr. Inwards has shown, seems to have most truthfully portrayed the 
lightning flash. 

2. The wind-force experiments, on which a Committee has been 
engaged for some years, are at the present moment being continued on 
H.M.S. Worcester^ under the superintendence of Captain Wilson-Barker. 
An outcome of this research has been the invention of an entirely new 
form of anemometer by Mr. Dines, which has now been largely tested, 
and found of superior efficacy to its predecessors. In order to assist 
such investigations, the Society has founded a Research Fund, grants from 
which have been made for this and like work, and at times grants have 
also been obtained from the Government Grant Committee. 

To promote the study of Meteorology among the rising generation, 
the Society yearly awards a medal to the Cadet on board H.M.S. JFarcester 
who displays the greatest knowledge of Meteorology. 

With regard to publications — we began by publishing, for 10 years. 
Reports of the Council; we then changed to Proceedings, of which we brought 
out 5 volumes; but in 1872 the Quarterly Journal of the Society was 
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successfully evolved, and has continued to the present time. Our Meiecro- 
logiciil Record began in 1881 and is therefore in its 19th year of existence. 
Two other publications deserve special notice: — ^The HiiUs to Meteorological 
ObserverSy by the Assistant-Secretary, Mr. Marriott, which has gone through 
four editions, and Instructions for the Observation of Phenological Phenomena^ 
which has reached two editions. The Society has a large and valuable 
Library, and in 1890 published an excellent Catalogue, 

Much we owe to Dr. Scott, F.R.S., our Foreign Secretary, for invalu- 
able help in the way of papers, whether from his own pen or contributions 
from the Meteorological Office with which he was for so many years 
connected, and we trust we may look to his successor in the Office, 
Mr. Shaw, for a continuance of kind assistance. Also to Mr. Bayard, 
our late President (and present Honorary Secretary), for utilising the 
Society's records on the climatology of Oreat Britain in various valuable 
papers. 

The office establishment of the Society consists of the Assistant- 
Secretary and four Computers, and, as may well be imagined, their hands 
are always full. Our finances are satisfactory, and we have some invested 
funds, and had we more money at our disposal we should undertake fresh 
lines of investigation and further advance our science. 

Meteorology appeals to all classes, high and low, rich and poor. Its 
subject, the weather, entwines itself into every one's life, and, no matter 
what the proposed plan of action may be, it claims recognition. A sound 
knowledge of Meteorology is of practical use to the civil engineer, the 
horticulturist, the agriculturist, the mariner, and to many others, but this 
is only to be obtained by regular and patient observation of the face of 
nature and of her smiles and frowns. I will not conclude with my own 
words, however, when I can quote those of an old meteorologist and a 
member of one of the Societies which preceded ours, the late John Ruskin, 
the master of poetical prose, who says of Meteorology : — 

''But it is a science of the pure air and the bright heavens; its 
thoughts are amidst the loveliness of Creation ; it leads the mind as well 
as the eye to the morning mist, and the noon-day glory, and the twilight 
cloud — to the purple peace of tlie mountain heaven — to the cloudy repose 
of the green valley ; now expatiating in the silence of stormless sether — 
now on the rushing of the wings of the wind. It is indeed a knowledge 
which must be felt to be, in its very essence, full of the soul of the 
beautiful. For its interest, it is universal, unabated in every place, and 
in all time. He whose kingdom is the heaven, can never meet with an 
uninteresting space — can never exhaust the phenomena of an hour : he 
is in a realm of perpetual change, — of eternal motion — of infinite mystery. 
Light and darkness, and cold and heat^ are to him as friends of familiar 
countenance, but of infinite variety of conversation ; and while the geolo- 
gist yearns for the mountain, the botanist for the field, and the mathe- 
matician for the study, the meteorologist, like a spirit of a higher order 
than any, rejoices in the kingdoms of the air." 



The President then presented to each of the Delegates a Bronze 
Commemoration Medal, bearing on the obverse a portrait of Luke 
Howard, F.R.S., which had been stnick as a memento of the Jubilee of 
the Society. 
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Prof. J. J. Thomson rose on belialf of the Royal Society to convey the con- 
gratulations of that body to the Royal Meteorological Society, and to express 
their sympathy on the death of Mr. Symons, who was latterly a member of the 
Council of the Royal Society. He said there was hardly a department of science 
that was not connected in some way with Meteorology, and some of the most 
difficult problems were those suggested by its study. Some of these questions 
dealt equally with other branches of science, making the task of solving them 
more difficult to the meteorologist, for unfortunately nature would mix up her 
forces, and thus prevented her problems being dealt with one at a time. It 
would thus be seen of what great importance an established laboratory for 
making investigations would be, and the great help that would be afforded in 
knowing what to look for when carrying out research. It was surprising to find 
that in a science that appealed so greatly to every one, no Chair of Meteorology 
was maintained at any of the teaching centres in the kingdom, and he would 
recommend that a proposal for remedying that defect should be put forward for 
the greater advancement of meteorological knowledge generally. 

Mr. E. B. Knobel, President of the Royal Astronomical Society, spoke on 
behalf of that Society. He pointed out a curious error in Admiral Smyth's 
work, Speculum Harttoellianumy p. 386, where the formation of the British 
Meteorological Society is described as taking place on April 4, not April 3, 
1850. The subject of Meteorology was extremely interesting to all, and the 
late Pro£ DanieU once said man may with propriety be said to be a meteorolo- 
gist by nature. This was doubtless true, with the notable exception of Dr. 
Johnson, who professed his inability to understand the subject The science of 
Astronomy was closely connected with Meteorology, and depended greatly on the 
refined character of meteorological instruments in the reduction of observations. 
There was one branch of Meteorology, namely refraction, which had not received 
the attention it deserved, and which had made no advance during recent years. 
Manuel Johnson, in his observations at St Helena, pointed out that the refrac- 
tion for observations made over the land was not the same as for observations made 
over the sea, and no doubt many points would be cleared up were the subject 
given more prominence. This Society had always struck him (Mr. Knobel) by 
its great number of disinterested men, and it might fairly be said that this 
country was the home of amateur science and research. As recently aa the 
previous evening news had been received of the discovery of the South Magnetic 
Pole by the Southern Cross Expedition. Mr. Qladstone had remarked thirty 
years ago that it was the distinction and pride of England to do by individual 
effort what in other countries is only attained by influence and patronage. This 
trait was very remarkably exemplified in the late Mr. Symons and his work, 
and reflected greatly to his credit 

Mr. J. J. H. Teall, as representative of the Geological Society, referred to the 
interesting observations made by Dr. Plot two hundred years ago, and spoke of the 
climatic effect of the weather on the composition of geological formations and 
on the forms of the earth's surface. He was deeply interested in the work and 
the progress of the Royal Meteorological Society, and esteemed the invitation to 
be present as a great favour. 

Dr. G. Hellmann said : — Herr President I Meine Herren ! — Die Deutsche 
Meteorologische Gesellschaft hat mich entsandt, um ihrer altesten Schwester- 
geeeUschaft, der Royal Meteorological Society, zu deren fiinfzigjahrigen Stiftungs- 
feete die herzlichsten und die aufrichtigsten Gliickiinsche auszusprechen und 
zugleich eine Adresse zu iiberreichen, in der diese Wiinsche dauemden schrift- 
lichen Ausdruck gefunden haben. 

Indem ich mich dieses ehrenvollen Auftrages hiermit erledige, sei es mix 
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geetattet, den Inhalt der Adre^isee mit einigen Worten in englischer Sprache zu 
erlautem. 

Der Royal Meteorological Society in London zum 3 April 1900. 

Die Feier dee filnfzigjabrigen Bestehens, welche die Royal Meteorological 
Society am heutigen Tage begeht, giebt der Deutschen Meteorologiscben Geeell- 
schaft willkommcne Gelegenheit, ihrer iiltesten Schwesteigesellschaft die herz- 
lichsten Gliickwiinsche darzubringen und ziigleicb der boben Acbtung Ausdruck 
zu geben, welcbe die Royal Meteorological Society in deutscben FacbkreiBen 
geniefist 

Die Qriindung der Royal Meteorological Society fallt in eine Zeit, in der 
Grossbritannien eines Samnielpunktes fiir die meteorologiscben Arbeiten und 
Bestrebungen des Landes dringend bedurfte. 

Die Meteorologie erfreute sicb damals in England nocb keiner ataatlichen 
Fiirsorge, dagegen stand, merkwiirdig genug, die Astro-Meteorologie wieder in 
liobem Anseben. 

Da war es ein erstes, grosses Verdienst der neu gcgrundeten Britisb Meteoro- 
logical Society, dass sie diesen Einllussen nacbdriicklicb entgegentrat und durcb 
emste, wissenscbaftlicbe Arbeit die Bestrebungen der nacb solcben Zielen 
gericbteten Vereine zu nicbte macbte. 

Dazu traten bald weitere, positive Leistungen von bervorragender Bedeutung 
fiir die Meteorologie im Allgemeinen wie fiir die klimatologiscbe Erscblieasung 
des Inselreicbes. 

Die stattlicbe Reibe der Veroffentlicbungen der Gesellscbaft, die eine Fiille 
der wertbvollsten Abbandlungen und Discussionen in sicb bergen, spricht am 
besten fiir das zielbewuaste Streben und fiir den streng wissenscbaftlichen Geist 
der Gesellscbaft 

Durcb die Einricbtung verscbiedener Netze von Beobacbtungsstationen mit 
mustergiil tiger Aufstellung der lustrumente sowie durcb die Untersucbung 
wicbtiger meteorologiscber Fragen in Sonderausschiissen, bat die Royal Meteoro- 
logical Society in vorziiglicber Weise viel von dem geleistet, was in anderen 
Landem den Staatsinstituten zu erledigen zufallt 

Moge dieser rege wissenscbaftlicbe Geist aucb femerhin in der GesellBchaft 
walten, moge es ibr vergonnt sein, sicb in der Zukunft stets neue groese 
Aufgaben zu stellen und einer gliicklicben Losung zuzufilbren : der Meteorologie 
zum Nutzen und Frommen, den Mitgliedem zur Ebre und zur Befriedigung. 

Die Deutscbe Meteorologiscbe Gesellscbaft 

Dr. v. Bezold. Dr. W. K6ppen. 

O. Behre. G. Hellmann. V. Kremser. A. Sprung. 

[Translation.] 
To THE Royal Meteorological Society in London on April 3, 1900. 

The occasion of its fiftieth anniversary, wbicb tbe Royal Meteorological 
Society celebrates on tbis day, gives an opportunity to tbe German Meteoro- 
logical Society to express to its eldest sister Society its most bearty congratula- 
tions, aTid also to assure it of tbe very bigb esteem wbicb tbe Royal Meteorological 
Society bas gained for itself among tbe students of tbe science in Germany. 

The foundation of tbe Meteorological Society occurred at an epoch when the 
want of a central organisation to collect and systematise meteorological works 
and investigations was most urgently felt in the Britisb Isles. At that date no 
Government support was available for Meteorology, and, on the other hand, 
Astro-Meteorology was in very considerable repute. 
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It is a great merit of the newly-established British Meteorological Society 
that it set itself decidedly against such theories, and that by dint of careful 
scientific work it succeeded in putting a stop to the operations of the Association 
for the prosecution of Astro-Meteorology. 

In addition, the Society was able to show more extensive and careful 
investigations which were of the highest importance for the development of the 
climatology of the United Kingdom. 

The noble series of publications of the Society, which contain stores of papers 
and discussions of very high value, is the best proof of the persistent activity 
and the strict scientific spirit of the Society. 

The Society has itself been able to do much of the work which falls on 
Government institutions elsewhere. It has organised networks of observing 
stations and enforced uniform conditions of instrumental exposure, and it has 
entrusted to various special committees the examination of numerous scientific 
problem& 

We can only express the hope that this spirit of scientific inquiry will live 
on in the future, and that it may be granted to it to achieve still more 
important results in the furtherance of our science which may redound to the 
honour of its future Fellows. 

The German Meteorological Society. 

Dr. V. Bezold. Dr. W. Koppen. 

0. Behre. G. Hellmann. V. Kremser. A. Sprung. 

Dr. G. Hellmann continued : — Mr. President, Gentlemen — ^After having 
thus far performed my official duties, I may be allowed to address to the 
honourable assembly some words in English, asking at the outset your kind 
indulgence to all linguistic blunders I may commit 

The Royal Meteorological Society was founded at a time when a centre of 
union for the meteorological work done in Great Britain was much needed. The 
Government had then not yet provided for an official meteorological service — 
that of the Board of Trade being established only in 1865 — ^whereas, curiously 
enough. Astro -Meteorology began anew to come into favour in this country. 
Already the original " Meteorological Society of London " was much infiuenced 
with such ideas, as has been ako pointed out in the interesting address prepared 
by your late President (Mr. Symons) for the Commemoration Meeting of to-day ; 
and other Societies of a similar character were hereafter founded, as the " Astro- 
Meteorological Society " and the " Copemican Meteorological Society," both of 
which have been forgotten long ago. 

Under these circumstances it can be considered to have been the first great 
merit of the newly -formed '* British Meteorological Society" that it wholly 
ignored the old one, and that it combated those perverse astro-meteorological 
efforts and tendencies by really scientific work. 

Indeed, gentlemen, your Society has from its beginning always deserved well 
of Meteorology in general, and in later years also of the Climatological Survey 
of Great Britain. 

By the organisation of several systems of well-equipped stations, and by the 
institution of special committees for inquiry into important meteorological 
questions, the Royal Meteorological Society has done in the best way a good 
deal of that work which in other countries is incumbent upon the meteorological 
offices of the Government And the splendid series of the Society's publications, 
which contain numerous valuable papers with their no less valuable discussions, 
most clearly prove that the Royal Meteorological Society is in the best sense of the 
word a learned Society, highly esteemed all over the world, wherever scientific 
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Meteorology is cared for and cultivated. May — this is the hearty wish of the 
German Meteorological Society, which I have the honour of representing here — 
may, I say, the scientific spirit prevailing in your work be maintained, may also 
in the future the Society be able to put forward new great problems and to solve 
them : for the benefit of the science, and for the honour and satisfaction of the 
Royal Meteorological Society. 

Mr. R C. MossMAN, as delegate of the Scottish Meteorological Society, spoke 
of the mutual relations existing between the two Societies. He r^^tted the 
absence of Dr. Buchan, whose substitute he was, and who was prevented from 
appearing through serious domestic illness. He wished to express his congratu- 
lations and best wishes to the Royal Meteorological Society. 

Mr. A. Wynter Blyth spoke of the connection between Meteorology and 
Hygiene, and o'ffered his congratulations on behalf of the Sanitary Institute. 
The effect of the weather on health was very pronounced : the advent of either 
cold or hot weather produced marked changes in the death-rate. There were 
no extensive Bills in Parliament that did not deal in some way with the two 
sciences, and the late Mr. Symons was always in request at the House in con- 
nection with questions dealing with meteorological and sanitary matters. 

The President (Dr. C. Theodore Williams), in reply, said he was much 
gratified to receive the congratulations and good wishes of the various Delegates, 
and hoped that all present would be able to take part in the Conversazione and 
the Dinner. 

Mr. W. Marriott referred to the apparent discrepancy in the date of the 
formation of the Society in Admiral Smyth's book, mentioned by Mr. Knobel, 
and stated that the original meeting was held on April 3, but adjourned to 
the next day, April 4. Mr. Marriott also announced the arrangements for the 
evening and the following day, and hoped that all the Fellows would find 
instruction as well as pleasure in the various interesting objects which had been 
prepared for theui. 



CONVEESAZIONE, 
April 3, 1900. 

The President and Mrs. Theodore Williams received the Quests in the 
Central Gallery at the Royal Institute of Painters in Water Colours, Piccadilly 

Lantern Demonstrations were given in the East Gallery aa follows : — 

9.15— Mr. T. C. Porter (of Eton). 

Views showing the growth of Eclipse of the Shadow of the Peak of 
Teneriflfe by the Shadow of the Earth. 

CoL H. M. Saunders. 
Clouds. 

10.15 — Mr. W. Marriott. 

(a) Slides illustrating Meteorological Phenomena. 

(6) Portraits of Presidents of the Royal Meteorological Society. 

Refreshments were served in the West Gallery. 
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PROGRAMME OF MUSIC 

played by 

The Band of the Royal Artillery in the East Gallery. 



1. March . 


. **ElCapitan" . 


Sousa. 


2. Overture 


"LaCouronned'Or" 


Herman. 


3. Idyll . 


" Evening Breeze '* 


Langey. 


4. Selection 


*'TheBeUeofNew York" . 


Kerk^, 


5. Gavotte 


. " La Princease " . . . . 


CzibiUka. 


6. Song (Cornet Solo) 


" Songs of Araby" 


. Clay. 


7. Valse . 


** Verborgene Perlen " 


Ziebrer. 


8. Selection . 


*' San Toy" . . . . 


. J07U8. 


9. PiZZICATI 


"Sylvia" . . . . 


Delibes. 


10. March . 


. "AFrangesa" . . . . 


Kaiaer, 


11. Intermezzo . 


** Danse des Bacchantes * 


Gounod. 


12. Unoarischer Tanz (No. 2) 


Brahms, 


13. Lied 


. **GuteNacht" 


Kucktn. 


14. Selection 


"Gems of England" 
"God Save the Queen." 


Binding. 


Conductor 


Sergt.-Major W. Su 


GO. 



PROGRAMME OF MUSIC 

performed by 

The "Scuartau " Part-Singers (under the direction of Mr. Herbert Schartau). 

Coiaen, 

Horsley, 

Kinkel. 

. M.S. 

Millard. 

. Beale. 

S.A. 

M.S. 

Jiingst. 

M.S. 

. Scotch. 

Triihn. 

. Cowcn, 



Boat Song . . . " Row, gently Row " 
Glee . . . " My Celiacs Arbour " 

Part-Song . . («) " The Soldier's Farewell " 

Humorous Recitative (6) "Three Little Kittens " . 
Ballad (wUh vocal occampaniTnent) " Thinking of Home " 
Madrigal . " This pleasant Month of May " 

Thuringian Volkslied (a) " My flaxen-hair'd Nanny " 
Humorous Quartet . {b) "Only Once" 

Swedish Melody (a) "Come, Zephyr, gently" 

[b) "Master Johnny Homer " 
** On the Banks of Allan Water " 
. "The Chafers" . 
• Ladybird, fly away Home " . 



Humorous Quartet 
Harmonised Melody 
Humorous Quartet 
Part-Song . 



CATALOGUE OF THE METEOROLOGICAL INSTRUMENTS, Ac, 
Exhibited in the Banquetino-Room. 

Cambridge Scientific Instrument Co. 

Callendar's Recording Thermometer. 
Callendar*s Sunshine Recorder. 

Mr. C. F. Casella, F.R.MetSoc. 

Maximum Thermometer. 

Minimum Thermometer. 

Dry and Wet Bulb Thermometers. 

Bifurcated Grass Minimum Thermometer. 

Black and Bright Bulb Maximum Thermometers in vacuo. 

Earth Thermometers, 6 in. and 1 ft. 

Case for holding Meteorological Instruments under a Thatch Shelter at 

Stations in Tropical Africa. 
Fortin Barometer. 
Eew Barometer. 

P 
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Mountain Barometer. 

Hovlean-Mariotte Barometer. 

Collie's Barometer for Travellers. 

Aneroids. 

Snowdon Rain Gauge. 

Meteorological Office Rain Gauge. 

Symons' Mountain Rain Gauge. 

Engineer's Large Mountain Float Rain Gauge. 

Dines' (G.) Dew-Point Hygrometer. 

Lambrecht's Polymeter. 

Well Thermometer. 

Miller-Casella Deep-Sea Thermometer. 

Whipple-Casella Sunshine Recorder. 

Dines (W. H.) Ether Sunshine Recorder. 

Dines' (W. H.) Portable Pressure Tube Anemometer. 

Richards' Recording Instruments : — 

Barograi^h. 

Dry and Wet Bulb Thermograph. 

Hair Hygrometer. 

Rain Gauge, float pattern. 

Anemometer. 

Mr.W. H. Dines, B.A., F.R.Met.Soc 

Apparatus for Illustrating the Formation of the Tornado Cloud. (Demou- 
strations were given at intervals during the evening.) 

Mr. W. H. George. 

Instruments used by Dr. Livingstone and Captain Cameron : — 

Pocket Compass. 

Boiling-point Thermometer. 
Photographs of Dr. Livingstone and Dr. Moffat. 

Mr. Walter M. Gibson. 

Five Medals awarded to the late Prof. J. F. Daniell, F.R.S. 
Photographs of Prof. Daniell and Prof. Faraday. 
Bust of Prof. Daniell. 

Mr. James Glaishrr, F.R.S. 

Aneroid Barometer used by Mr. Glaisher and Mr. Coxwell in their Balloon 
Ascent from Wolverhampton, on September 6, 1862, when they 
attained an altitude of seven miles from the earth. 

Portrait of Mr. James Glaisher, F.R.S., Founder of the Royal Meteoro- 
logical Society. 

Mr. Alfred J. Hands, F.R.MetSoc 

Model of Chimney Shaft, fitted with Lightning Conductors. 

Coronal Band, with points for top of Chimney, as recommended by the 

Lightning Rod Conference. 
Specimens of Copper Tape, etc., for Lightning Conductors. 

Mr. J. J. Hicks, F.R.MetSoc 

Mountain Barometer. 

Watkin Aneroid. 

Clinical Thermometers, with magnifying fronts. 

Alarm Thermometer. 

Grass Minimum Thermometer with Shield hermetically sealed over the 

divisions. 
Circular Maximum and Minimum Thermometers. 
Solar-radiation Thermometer. 
Solar-radiation Thermometer with Radiometer. 

Phillips' Maximum Thermometer, made by Prof. J. Phillips, F.R.S., 1882. 
George's Artificial Horizon. 
Clinometer for use on board ship. 
Sphygmometer. 

Meteorological Council. 

Campbell Wooden Sunshine Bowls. 

Mr. R. C. MossMAN, F.R.S.E. 

Meteorograph for use with Kites. 
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Mr. R, W. MuNRO, F.R.Met.Soc 

Dines' Pressure-tube Recording Anemometer. 
Dines' Pressure -tube Sight- Indicating Anemometer. 

Messrs. Negreiti & Zamb&a. 

Maximum Thermometer. 
Minimum Thermometer. 
Grass- Minimum Thermometer with Link Bulb. 
Solar-radiation Thermometer with Mercurial Test Gauge. 
Black and Bright Bulb Thermometers, as used at the Montsouris Observa- 
tory, Paris. 
Negretti k Zambi-a's Electrical Turnover Diy and Wet Bulb Thermometers. 
Negretti & Zambra's Marine Thermometer for shallow depths. 
Negretti & Zambra's Recording Deep-Sea Thermometer. 
Magnaghi's Frame for Negretti k Zambra's Reversing Thermometer. 
Long-IUnge Mercurial and Glycerine Barometer. 
Morland's Diagonal Barometer. 
Combined Barograph and Thermograph. 
Symons' Storm Ram Gauge, 
ifegretti k Zambra's Self-recording Rain Gauge. 
Campbell-Stokes Sunshine Recorder. 
Joi-dau Photographic Sunshine Recorder. 
Robinson Anemometer. 

Royal Geographical Society. 

Aneroid used by Lieut. Grandy, R.N., on his journey in the Lower Congo 

region, 1873, in search of Dr. Livingstone. 
Two Aneroid^ carried by Lieut. Cameron, R.N., on his journey across 

Africa, 1874. 
Watkin Aneroid, recently carried by Mr. H. J. Mackinder to the top of 

Mount Kenia. 

Royal Meteorological Society. 

Climatological Station. — Enclosure with instruments necessary for the 

equipment of a Climatological Station of the Royal Meteorological 

Society. 
Models of Hailstones, 7 inches in circumference, which fell near Mon* 

treaux, France, August 15, 1888. 
Albums containing photographs of the Stations of the Royal Meteorological 

Society, taken by Mr. W. Marriott, 1884-99. 
Album containing photographs of Clouds, taken by the late Hon. R. 

Abercromby. 
Jubilee Commemoration Medal, April 3, 1900. 
Lantern Slides. 
Frames of photographs illustrating Meteorological phenomena : — 

1. Lightning Flashes. 

2. Damage caused by Lightning, Wind, and Tornadoes. 

3. Damage caused by Floods. 

4. Frost, Snow, and Hail. 

5. Instruments and Kite Experiments. 
6-9. Clouds. 

The late'Mr. G. J. Symons, F.R.S. (the Executors of). 

A Meteorologist's Library, a.d. 1500. 

Alleged "Thunderbolts" exiiosed at the Meeting of the Royal Meteoro- 
logical Society, March 21, 1888. 

The first Rainfall Map. 

First Daily Weather Maps, Volume of. 

Testimonial Album presented to Mr. G. J. Symons, F.R.S., by the Fellows 
of the Royal Meteorological Society, 1879. 

Portion of Tree damaged by Tornado in Wiltshire, October 1, 1899. 

Mr. W. H. Tinoey, F.R.Met.Soc. 

Tingey's Electrical Anemometer Recorder. 
Mr. Frank Wilson. 

Several Instruments used by Dr. Livingstone. 
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COMMEMOEATION PINNER, 

April 4, 1900. 

The concluding function of the Jubilee Celebration was a IMnner 
held at Westminster Palace Hotel, A^ictoria Street, S.W., on Wednesday 
evening, April 4. The company included : — 



Dr. C. Theodore Williams, President, 



Mr. R. Alford 

Dr. Clifford Allbutt 

Dr. K. Barnes 

Mr. F. C. Bayard 

Mr. S. C. I>ayard 

Mr. L. Beard 

Mr. R. Bentley 

Mr. A. W. Blyth 

Mr. J. W. Bolton 

Mr. F. J. Brodie 

Mr. C. J. Bromhead 

Mr. A. H. Brown 

Dr. K. Buee. 

Mr. W. H. ButUn and friend 

Capt. A. Carpenter 

Mr. G. Charsley 

Dr. Church, President, Royal 

College of Physicians 
Sir Ernest Clarke 
Mr. R. S. Clarke 
Mr. A. Collenette 
Major J. W. N. Cotton 
Mr. R. H. Curtis 
Mr. H. N. Dickson 
Mr. J. Dover 



Mr. F. Druce 

Mr. F. B. Edmonds 

Mr. A. T. Flagg 

Major L. Flower 

Mr. W. L. Fox 

Mr. W. H. Gunner 

Mr. H. Harries 

Mr. C. Hawksley 

Mr. K. Hawksley 

Dr. G. Hellmann 

Capt. M. W. C. Hepworth 

Mr. J. Hunter 

Mr. R. Inwards 

Mr. H. Gwyn Jeffreys 

Major E. Jones 

Mr. B. Utham 

Prof. J. K. Laughton 

Mr. W. Marriott 

Mr. W. J. Marriott 

Mr. E. Mawley 

Mr. W. B. Myers- Beswick 

Gen. Sir H. W. Nonnan 

Dr. Pavy, President, Royal 

Medical and Chirurgical 

Society 

MENU. 



in the Chair. 

Mr. F. J. Ratcliffe 

Mr. T. F. Read 

Mr. T. F. Read, Jun. 

Mr. H. Rofe 

Mr. W. N. Shaw 

Mr. W. F. Stanley 

Mr. J. J. Steward and friend 

Dr. J. T. Thomas 

Prof. S. P. Thompson, Presi- 
dent, Institution of Elec- 
trical Engineers 

Dr. B. A. Whitelegge 

Dr. D. Williams 

Dr. J. R, Williams 

Mr. C. J. R, Wilson 

Mr. C. L. N. Wilson 

Capt. D. Wilson-Barker 

Mr. E. WorraU 

Mr. Wynne- Williams 

Daily Chronicle 

Daily Graphic 

Daily News 

Daily Telegi-aph 

Morning Post 

Standard 

Times 



Appetisers in variety. 

Soups. 

Clear Turtle. Barley Creani. 

Fish. 

Turbot with Cardinal Sauce. Fillets of Soles i la Normande. 

Entries. 

Chickens h. la Demi-deuill. 

Stuffed Quails with Perigueux Sauce. 

Joint. 

Roast Saddles of Mutton. 

SpinaclL Potatoes. French Beana 



Salads. 



Punch k la Romaiue. 

Roast. 

Roast Ducklings and Peas. 

Sweets. 

Fruit Cakes with Cream Sauce. 

Stewed Apples and Rice with Whipped Cream. 

Ice. 

Noyeau Ice Bomb. 

Savoury. 

Mushrooms with Soft Roes. 



Dessert. 
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After Dinner, the President said : — Gentlemen — It is my privilege to begin 
the toasts this evening by proposing that toast which is of course most 
acceptable to us all, that is the health of Her Majesty the Queen and their 
Royal Highnesses the Prince and Princess of Wales. We need not say much 
about Her Majesty, who is endeared to our hearts, and whom we respect for her 
many acts of kindness to all her subjects. It is curious that the older she 
grows the more interest she takes in her kingdom and her subjects. Apart 
from the fact that she brings sunshine and happiness wherever she goes, she is a 
woman of the greatest tact and knowledge. It is said she is the first foreign 
minister in Europe, and knows more about foreign affairs than any living 
minister. She is a model sovereign, and we obey her slightest wishes because 
we not only respect, but love her. 

As a meteorologist I have tried to discover the reasons for Her Majesty's 
high standard of life, and have noticed in reading the Court Journal that Her 
Majesty goes out in her donkey-chair in the morning and takes drives every 
afternoon. She is a great worshipper of open air. She is in fact a true 
meteorologist, going out in all weathers. You will be glad to hear too that she 
maintains a good meteorological station at Osborne, and in addition to that 
keeps a private diary where meteorological observations are recorded every 
evening. In addition, at Braemar there is a well-known station, which was 
originally started by the late lamented Prince Consort (reporting to our sister 
Society of Scotland). I hope now I have convinced you that, in addition to her 
other virtues, Her Majesty is a good meteorologist 

As regards the Prince and Princess of Wales, they enter into all our work 
and our pleasurea If there is a good deed to be done in starting a hospital- 
ship, inspecting volunteers, laying the foundation-stones of public institutions, 
there the Prince and Princess are to be found, ready to do all good 
work, and to do it thoroughly. No other nation is equally blest with such a 
Royal Family. I have great pleasure in giving the health of Her Majesty and 
the Prince and Princess of Wales. 

The toasts having been honoured, the company sang " God Save the 
Queen." 

Prof J. K. Laughton. — The toast I have the honour to propose is one 
that perhaps eighteen months or two years ago might have called forth quite 
other remarks than it does at the present time. Naval men, from the circum- 
stances of their profession, are meteorologists, and soldiers on active service have 
the pleasure of spending days and nights in the open air, and studying the book 
of the sun, moon, and stars, in their relation to the weather; so that as 
practical meteorologists both sailors and soldiers come in the first rank. But I 
think at the present time our thoughts on the Navy, the Army, and the 
Reserve Forces run in a different direction. We do not consider them in their 
secondary capacity as meteorologists, but in their primary capacity as fighting 
men. At the present time our hearts are full of the gallant deeds of the sailors 
and soldiers of the regular and auxiliary forces — the British bom or Colonial. I 
have the honour of asking you to drink to " The Navy, the Army, and the 
Auxiliary Forces." I am permitted to couple with the Navy the name of 
Capt Carpenter, and with the Army that of Gen. Sir Henry Norman. 

Capt A- Carpentek — On behalf of the Navy I thank Pro£ Laughton 
for the encomiums he has passed on that branch of H.M. forces to which I belong, 
and you gentlemen for the hearty manner in which you echoed the toast I think 
the Navy just now is a service to which any man may be proud to belong, and 
that we may surely trust it with the safety, honour, and welfare of this 
country. 



> 
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There i&, however, a pernicious motto floating about, rather popular just now, 
" Si via pacem para belluni " — " If you wish for peace be prepared for war." You 
muftt remember that if all nations followed that maxim the state of tension 
would become dangerous, and that it leads to increased armamentSL 

But the Navj has a peaceful as well as a warlike side, and I should like to 
deal with the former to-night We have our surveying-ships all over the world, 
charting the coasts, discovering hidden dangers in the ocean, and opening up 
new ports ; indeed they may be called the pioneers of commercial prosperity. 
On board of these 8iir\'eying- vessels there are officers who specially devote their 
time to meteorological research, and, situated as they are where the aerial and liquid 
oceans meet, they are in an exceedingly good position to note the phenomena of 
both. While on the China station for some ten years I owed my life, and the 
safety of my ship, on more than one occasion to the splendid researches made 
by the older meteorologists into the course, direction of wind, and special 
characteristics of the ^-iolent typhoons that rage in those seas ; and I may here 
remark that among those who made these researches were many distinguished 
officers of the Mercantile Marine. 

I am of opinion that in times of peace our Navy should devote more time 
than it does to geographical and meteorological research ; and it seems as if the 
old roving, pioneering spirit was dying away when the Admiralty permit a 
Kansen or a Borchgrevink to secure the laurels that lie within our reach. 

Gen. Sir Henrt Norman. — I am extremely obliged for what has been 
said about the Army. I do not think I need mention any of its ancient per- 
formances. It has been distinguished in every part of the world, from Paris to 
Pekin, from Copenhagen to Abyssinia, and the present Army is now well up- 
holding the credit gained by its ancestors. We never had such an Army in the 
field, for size ; and I do not know that we have had one with a more difficult task 
to perform — with a brave, skilful enemy, and difficult country. That Army is 
composed in a way we have never seen before — not only are there a number 
of Volunteers, Militia, and Yeomanry, but the Army has never been so repre- 
sentative of the possessions of Her Majesty from Australia, Canada, and the Cape. 
All these Auxiliary Forces have distinguished themselves immensely ; they seem 
to l)e admirably suited for the kind of warfare in which they are engaged. 
What can I say of the Regular Forces of Her Majesty : they have distinguished 
themselves on every sort of occasion. The other day under Buller, when, after 
an heroic service, one regiment had only 100 men left unwoimded, these 100 
men volunteered to lead the assault, although they had scarcely any officers On 
that occasion we lost eleven guns and suffered most severely, and I happen to 
know that the military attach^ of a great foreign army wrote to his sovereign 
and said there was nothing to equal the dash and determination of the British 
soldier. On the whole, I think we have raised the credit of the British Anny 
to a very high point indeed. We all have many friends in South Africa, and do 
not know at what moment we may hear that they are killed or wounded, but 
we know they will do their duty thoroughly. I may mention, as a matter 
of interest, that the commander of that force was my comrade in many fights : I 
saw him the first time he was under fire. He has a clear head and a brave 
heart, and you may depend upon it he will lead the war to a successful and 
satisfactory issue. 

But I caoie here not to return thanks for the Army, but as a Delegate firom 
the Royal Geographical Society to the Royal Meteorological Society, and I must 
deliver the message entnisted to me. The President of the Royal Geographical 
Society desires to congratulate the Royal Meteorological Society on this auspicious 
occasion. Atmospheric phenomena are so closely connected with questions in 
physical geography, that geographical science is largely benefited by the 
prosperity of the Royal Meteorological Society. 
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There have always been the most friendly relations between the Societies, 
and I have no doubt these relations will continue. 

I think I ought to say something about my humble connection with 
Meteorology. In the two Colonies of which I was Governor great attention 
was paid to Meteorology. In Jamaica both Mr. Maxwell Hall and Mr. Johnston 
took voluntarily a great interest in Meteorology. They established stations, and 
started Dr. Morris, our Botanist, in an observatory on the top of Blue Mountain 
Peak, 7300 feet above the sea, by far the highest station in the British West 
Indies. Meteorological observations have been carried on for a series of yeara 

In Queensland the meteorologist is Mr. Clement Wragge, who started the 
observatory on Ben Nevis. He has a network of meteorological observing 
stations throughout Queensland, and has brought them into communication with 
the French Colony of New Caledonia. He issues Weather Reports every day, 
with information from every part of the world, and these are taken advantage 
of by captains of ships and others, who do not put to sea when Wragge has 
prophesied a hurricane. I hope his work will go on and prosper. 

I am exceedingly obliged for the opportunity this Society has afforded me 
of going over the Royal Observatory at Greenwich to-day. 

Mr. W. N. Shaw, F.RS. — It falls to me to propose the important toast of 
" The Royal Meteorological Society." In doing so it is natural to turn one^s 
attention to the future, and only to recall the past in order to derive example 
and encouragement The last fifty years have been years of co-operation in 
meteorological research. Development has chiefly been in the direction of com- 
bining the work of many observers in different places for the single purpose of 
advancing our knowledge of the atmosphere and its phenomena. Tliat was 
conspicuously the case with the organisation our late lamented President carried 
through for the observation of rainfall It is equally manifest if we regard 
the enormous development of synoptic Meteorology in the United States of 
America, or the smaller but nevertheless substantial organisations for the same 
purpose in this country and on the Continent. 

It may be said that the chief characteristic of meteorological advance during 
the last fifty years is oo-operation between meteorologists for the purpose of 
obtaining satiidactory data ; and in looking to the future it is quite evident that, 
stimulated by the example of those who have gone before, we may develop still 
more the oo-operation between meteorologists and between societies and organisa- 
tioDs for meteorological research, in order to push further into the region of the 
unknown and realise the true st^te of meteorological phenomena. Our late 
President has practically carried out a meteorological survey of the British Isles, 
so far as regards rainfEilL There are other elements which might be similarly 
investigated. A complete meteorological survey is greatly to be desired, and it 
can only be carried out by the most energetic co-operation. 

There is, moreover, another point to which I should like to direct your 
attention. During the last fifty years there has been enormous development in 
the sciences of physics, chemistry, and biology, and this has given us entirely new 
ideas about the constituents and modes of action of the atmosphere. In the 
coming fifty years we may look forward to the application of these ideas to 
meteorological problems with great expectation of success. Perhaps when these 
applications are carried out we shall find that some opinions we have carried 
with us for years require modification if we are to get hold of what Maxwell 
would have called the " real go " of meteorological phenomena. To take only one 
example, I am informed that it is possible to find a specimen of air at a tem- 
perattu*e of 12 7** '4 F. if you go to the right place to look for it; and also, 
without leaving the surface of the earth, it is possible to find a specimen of air 
with a temperature of -90''4 F. Now I have a feeling that there is no distinction 
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of caste in the atmosphere, and that the same specimen of air might at one time 
be at 127*'*4, and at another at -90°*4 F., and that the transfer might take 
place under natural laws. But to change the tem})erature of a mass of air is a 
most difficult matter. Air has very little conductivity, so it is difficult to com- 
municate heat to it, and unless you can put it into immediate contact with some 
body of higher temperature the greater part of the atmosphere has no chance of 
getting hot. I am aware that if you raise the position of the air it becomes 
cooled, if you depress it again, it becomes warm. We used in old days, in 
explaining the trade-winds, to say that the air at the Equator got warmed, and 
rose in consequence. It then flowed over at the top, cooled, and came down 
again as a cold current. But I would like to ask how it managed, in coming 
down, to avoid being warmed to at lea<<t the same extent as it was cooled on 
going up. Indeed, on its way the air very probably lost a certain amount of its 
moisture as rain, and in doing so appropriated the " heat of evaporation." With- 
out much exaggeration of theory, it would indeed be easy to say that the hot 
air rising at the Equator gets rid of its moisture, comes down in Siberia with 
the heat it originally possessed, and with some more besides derived from con- 
densation, and that therefore the temperature of the air in Siberia must be 
largely in excess of the temperature at the Equator. Somehow, however, it 
manages to lose heat on the w^ay. Of course one can say " radiation," but the 
question is not so easy to deal with as it appears. Anybody who will tell us 
exactly where the radiation comes in, where the heat is lost, and how the air 
manages to cool itself to such an extent that when it comes to the surface again 
it has such a very low temperature, will have added a substantial piece of know- 
ledge to meteorological physics. 

Thei-e are many other questions associated with physics, chemistry, or 
biology, and for the solution of these we require the co-operation of these 
sciences in order that we may really explain many meteorological phenomena 
with which we are in practice extremely familiar. Therefore, in putting before 
you the toast of " The Royal Meteorological Society," I should like to suggest it 
to you as the symbol and embodiment of the co-operation of meteorologists and 
meteorological organisations with each other, and of Meteorology with other 
sciences, for the jmrpose of elucidating problems connected with the atmosphere. 
Such co-operation is happily suggested at a dinner like the present, where we 
have not only meteorologists, l^ut representatives from other Societies represent- 
ing sciences with which "we are closely associated. I therefore give you the 
toast of " The Royal Meteorological Society." 

It is unnecessary for me to couple any name with this toast The toast is 
naturally associated with the President of the Society ; but I cannot sit down 
without thanking him for the able and distinguished way in which he has 
carried out the difficult task that devolved upon him, under circumstances which 
no one could have foreseen. I would also mention the admirable manner in 
which the Secretaries and the Assistant-Secretary have carried out the arrange- 
ments of this festival 

The President (Dr. C. Theodore AVilliams). — I feel quite unworthy to 
reply to this toast, which Mr. Shaw has so kindly connected with my name. The 
only thing I can say is that I am an old Fellow, and that I have had the 
pleasure of being President before. I felt it as a great honour when the Society, 
on the loss of one of our most distinguished Fellows, called upon me to supply 
his place. I agree \i'ith Mr. Shaw that there are many problems to be worked 
out, and that the important Office of which he is the head should take part in 
them ; but besides, I should like to say a few words as to the features of oup 
Society, and to point out some of its advantages. Meteorology is a 8cienc« 
easily cultivated, provided the observations are taken correctly; they can be 
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taken by a man without a high standard of education at all — many excellent 
observations are taken by gardeners and coachmen — provided the instruments 
are good and they are regularly inspected. This inspection is attended 
to by our excellent Assistant- Secretary. I would commend the Society to all 
those who live in the country. As one of our late Presidents said to me : " It 
is necessary to take the observations at 9 a.m. and 9 p.m. — that means, the 
observer must be up before 9 o'clock in the morning, and he cannot be sitting 
over his cups at 9 o'clock at night, as then he woxild not be in a fit state to 
take his observations." Another thing is that, ns you must go into the open air 
for everything, so you become fond of the weather, and your life is exceedingly 
healthy. To prove that fect^ only yesterday we had a message from our senior 
Fellow, and one of our founders, Mr. James Glaisher, F.RS. He still goes on with 
his work and continues his observations, and his report appears every quarter ; 
and I understand that, on Saturday next (April 7), if he lives, as we all hope 
he will, he will reach the age of ninety-one. Again, our excellent Treasurer 
(Mr. H. Perigal) who passed away some few years ago, used to be pointed to as 
a fine example. When he was ninety-two, I had the honour of presiding at a 
dinner given to him by the various Societies of which he was a member. He 
made an excellent speech, and was even a little heterodox in the opinions of his 
old age. He used to attend all the meetings of the Society, and, as far as I 
remember, died at the ripe age of ninety-seven. 

As regards the utility of our Society, you will admit that it takes up the 
questions of water-supply, ventilation, and climate, and there is no doubt that 
the knowledge collected by our stations helps a great deal in the advance of 
sanitary science. 

I should like to say a word about other Societies, especially as we are 
honoured by the presence of representatives from several. I am pleased to see 
them here, because these Societies are always kind to us, and nothing can be more 
helpful than the information they give to us. One of the most important is the 
Royal Astronomical Society : it deals with matter more or less fixed, whereas we 
unfortunately deal with matters not by any means fixed. One day we have 
one set of phenomena, the next day another. Still it would be wise for the 
astronomers to make friends with the meteorologists, for we know that now 
and then an expedition goes out to observe an eclipse of the sun. When all the 
instruments are ready Meteorology misbehaves itself and diffuses a fog round 
the astronomers, or a great nimbus comes down, with thunder, lightning, hail, 
and rain, and spoils everything. Then we have Sir Henry Norman, who so 
well represents the Royal Geographical Society. He has told us several things 
that some of us did not know before. I think he will admit that if there had not 
been Meteorology, there coidd not have been Geography. If you had not rainfall 
you would not have rivers, nor the changes in the earth's crust caused by them, so 
we are to some extent the parents of Geography. Then there are our botanical 
and agricultural friends, who will see at once the close connection between 
Meteorology and Botany, between the supply of rain and the growth of the crops. 
I have to thank you most warmly for the way you have received this toast, and 
am sorry that there is not a more able meteorologist in the chair to-night, but 
there is no one I would yield to in my eArnest devotion to the science, 

Mr. F. C. Bayard. — I rise, at the command of our President, to give you the 
toast of " The Delegates from other Societies," who have so kindly honoured us 
with their presence at our Meeting yesterday, and at our Dinner this evening. 
I regret to say that he has already taken some of the words I should liked to 
have said out of my mouth. He has referred to our relations with other 
Societies, but there is another way of looking at the question. We are all, as it 
were, parts of one great whole — that ia. Science pure and simple. The Geological 
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Society deals with the subject of the earth ; the lastitution of Electrical 
Engineers with the subject of the air ; the Royal Agricultural Society deals with 
the subject of the surface of the ground ; the Sanitary Institute deals with prob- 
lems partly under ground, and partly above. They all come to us for observa- 
tions of different sorts, and we say we will do our best to supply them. Some- 
times these things are very difficult, sometimes very simple. It is not easy to 
supply the wants of many Societies working on different lines. The President 
of the Royal Astronomical Society suggested yesterday that we should take up 
the subject of the refraction of the air. Well, it is a very difficult subject, but it 
is one of those we are asked to take up. Then the Royal Qeographical Society 
asks us to give it the temperatures of the different lands in South Africa, 
Central Africa, the middle of the Soudan, and the Sahara. We are willing to 
do these things, but we have no ol)8ervations. We hope to do better as time 
goes on, but we are all learning, and the Meteorological is not ashamed to send 
this answer to its sister Society. I am asked to couple this toast with the 
name of the President of the Institution of Electrical Engineers, Prof. Silvanus 
Thompson. Electricity is a subject with which we are all very nearly concerned 
in our work. It is very erudite and difficult to deal with, and we are con- 
tinually called upon to answer questions which we have to refer to the electricians 
We go to them and ask for information ; they come Imck to us and say they 
have none. Then we have to go on our own lines, and do the best we can. In 
some ways we give the lead to the gentlemen who are Presidents and Secretaries 
of these different Societies. We are very grateful to them for the information 
they have given us, and for their co-operation ; and we ask for that co-operation 
in future, and hope that we shall receive it. 

Prof. Silvanus Thompson, F.RS, — I thank you exceedingly for the very 
kind way in which you have drunk this toast I thank you on behalf of the 
Delegates from the various Societies, and more particularly of that Institution 
which I have the honour to represent here. It was a matter of regret to me 
that I should be present for so short a time yesterday, as I missed a very 
pleasant afternoon. I had the opportunity of hearing read the discourse pre- 
pared by our late dear friend, your late President, Mr. Symons. It struck me 
as very remarkal>le, and it indicated in no uncertain way the progress that has 
been made in the science of Meteorology. I regret that the responsibility for 
this toast faUs exclusively on me. 1 understood it was to have been replied to 
in the first instance by Prof. Joseph J. Thomson, who is the Delegate for the 
Royal Society, but he is unfortunately absent 

As I have the honour of being a Fellow of that Society, I will only say that 
the Royal Society of London takes the very deepest interest in all meteorological 
questions, and in any question of collaboration between the Royal Meteorological 
and the Royal Societies you may rely on the Royal Society helping you in every 
way it can. Though I am Delegate for the Institution of Electrical Engineers, I 
should like to say I am still connected with some other Societies perhaps even 
more intimately connected with Meteorology. I refer to two of those local 
Societies which are doing such admirable and not properly valued work — the 
Yorkshire Philosophical Society and the Bristol Naturalists' Society. It is now 
nearly a quarter of a century since I actively served the Yorkshire Philosophical 
Society, when for nearly two years I imdertook the meteorological work in the 
grounds of the Society at York. The way in which all students of physics, and 
particularly students of electricity, come into contact with meteorological matters 
is no new affair. People are in the habit, I suppose, of thinking of electricity 
as one of the most modern developments of science. But if you look back 
through the history of electricity you will discover that many of those men who 
did most to promote the progress of magnetic and electrical science were keenly 
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interested in Meteorolog}'. Most of them played their part in the development 
of Meteorology in their time. Boyle, Franklin, Gauss, Sabine, Humboldt, Volta, 
Dove, Dalton, were all interested in the development of Meteorology. If the 
name of Daniell is endeared to every electrical engineer, it is well kno\ni to 
every meteorologist on account of his hygrometer; and Lord Kelvin, the 
authority to whom we look, has worked at meteorological problems, has studied 
the question of atmospheric electricity, and improved the instruments for making 
observations. Then we may remember that the man who invented the first 
British electrical telegraph, and laid a cable about eight miles long in his garden 
at Hammersmith, Sir Francis Ronalds, whose library is the glory of electrical 
engineers, was a keen meteorologist So one might go over the names of men 
who have taken this interest in the science which I am here to represent, and 
also in Meteorology. In fact, no man works at physics without coming across 
those problems in the ph3r8ics of the air, earth, or sea that come within your 
province. Perhaps I speak in the presence of biologists who can correct me, but 
it seems to me that your science differs from the more immediately physical in 
one important respect — its extraordinary complexity. You have to deal with 
phenomena which are wrapped up in one another, and which it is exceedingly 
difficult to unravel, and to determine amongst a multitude of possible causes the 
one, or two, or three efficient causes of the moment And in a science of that 
complexity it is absolutely necessary you should have not only an army of 
observers, but also a man of clear head and strong brain, a man of logical mind, 
who can from time to time generalise on the phenomena and extract the simple 
general laws that underlie them. If we honour that man we must also, however, 
honour those workers whose names are legion and whose labours have been 
absolutely necessary to enable the one man to arrive at scientific generalisations. 
Now, I believe, in many minds the name of electrical engineer is not held in 
good odour. You curse us imder your breath when you reflect how the intro- 
duction of electric light and traction has upset some of your observations, and 
how some of your observatories have had to be broken up to get away from the 
disturbing effects of electrical machinery. I suppose it is the necessary conse- 
quence of the progress of that branch of engineering. People will have the 
means of locomotion ; and if you have magnetic observatories placed near the 
large centres of population, you cannot expect that people living near them will 
not desire to move about in the most expeditious way. I read a paragraph not 
long ago which recounted how the whole soil of New York was teeming with 
wild-cat electricity. All water-pipes and gas-pipes and iron bridges were 
corroded, and you could not put a wire anywhere into the soil without catching 
the current Indeed, it seemed as if life would not be worth living in New 
York on account of the strong electric currents that ran riot in its soil The 
evening papers do not always represent things, however, in their true proportion. 
I should like to say a word on this matter as to the interference with magnetic 
observations caused by the leakage of electric currents. There is no necessary 
leakage of electricity, no necessary interference. Tlie whole thing has arisen 
from the adoption — the hasty adoption— of methods of propulsion and the supply 
of electricity in forms which are not of the best In America, a very go-ahead 
country, where there are no vestries or local government boards to interfere 
much with new schemes, you do find crude inventions going ahead and 
developing, even though they interfere with the interests of others. But allow 
me to assure you that there is no necessary interference ; because it is possible 
to propel tramcars and distribute currents round a whole commimity for the 
purpose of lighting and power without any of the distressing wild-cat effects, 
and without eating up the gas- or water-pipes. Let me give you a little hint 
If any of you are connected with electrical tramways which might endanger the 
safety of any observatorj-, do not buy your machinery in America from the first 



200 JUBILEE CELEBRATION 

pushing eiigiueer wlio offers it to yoiL Insist on its being made and carried out 
in England ; for there are kinds of electric currents and arrangements of circuits 
wliich do not play havoc in this way ^-ith magnetic observatories ; and the fiact 
that they can propel something heavier than a tramcar is admitted by thoee who 
have vLsited the railways that climb the Jungfrau and the Gomer Grat ; and it 
would l>e easy for the Kew Electric Tramway to be designed so as to run with- 
out giving any cause of complaint from the Kew Observatory. I have in my 
small way the honour of being a collector, and I am going to appeal to any 
meteorologist who may have a fellow-feeling. I am, I beUeve, the only man in 
England who is a collector of rainbow^ — I mean anything bearing upon rain- 
bows — particulars, pictures, records, photographs. Have any of you ever photo- 
graphed a rainbow ? I believe there are details in its structure wliich will be 
seen by the camera, but which cannot be seen by the naked eye, in the same 
way as invisible stars can be seen by photography. If you can enable me to 
enrich my collection I shall be glad. To return again to the connection of our 
Societies with one another, Mr. Shaw and Mr. Bayard spoke of collaboration ; 
anything we can do to promote collaboration l^etween the workers of one 
Society and another is for the good of us alL It is necessary for progress that we 
should be kept acquainted with what our fellows are doing, but our efforts must 
be international. Our collaboration must extend through the whole world, in 
order to l)e aided by the eflfort of every worker ; for it is by collaboration, by 
united effort, and by mutual assistance which we give to one another, that science 
will progress. 

Mr. K Mawley. — After the excellent repast of which we have so recently 
partaken, it may seem idle for me to try and convince you that the English 
meteorologist exists as a rule almost exclusively upon air. Nevertheless such is 
undoubtedly the case. In the first place, the thoughts of meteorologists are 
always wandering about somewhere in the atmosphere. It may be now and 
then fruitlessly among the clouds, but be this as it may, the air with its prob- 
lems is their natural dwelling-place. Then in another way the British 
meteorologist may be said to rely upon little but air for his existence, in that 
the science of Meteorology is generally acknowledged to be one of the least 
remunerative of them aH And need this be wondered at when we consider 
that the earth's atmosphere may be ransacked for months together without 
sufficient gold or other precious metal being extracted from it to cover even a 
sixpence. I mention these facts in order to show that considerable credit is due 
to our Royal Meteorological Society for the position it has already attained. 
For although nourished almost exclusively on this meagre diet it has neverthe- 
less been in existence for fifty years, and now at the end of the half-century it is 
in a more flourishing and prosperous condition than ever before. If we trace 
back the liistory of the Society from the beginning, its present state of 
prosperity will be found to have been in a very great measure owing to the 
untiring efforts of those who have had nothing whatever to gain by forwarding 
either the best interests of Meteorology itself or of the Society representing it in 
this country. I have been asked to propose the last and shortest toast of the 
evening, that of " The Visitors." This I do with considerable pleasure, and 
desire on behalf of the Society to accord to all our guests the heartiest welcome. 
Our thanks are also due to them for so kindly coming here this evening to 
countenance with their presence and sympathy a Society which, as I have 
endeavoured to point out, has existed for so long on such a fickle and im- 
substantial element as air. I have much pleasure in coupling with this toast 
the name of one of the most distingidshed of our visitors. Dr. Pavy. 

Dr. Pavy. — I am conscious of the privilege which has been conferred upon 
me ; I am also conscious of the responsibility of the task, especially looking at 
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the distinguished guests present here this evening. You, sir, have referred to 
your science as being a liealthy science, necessitating as it does the regularity of 
life involved in the recording of observations at 9 o'clock in the morning and 
at 9 in the evening. Now this applies to the votaries or devotees of your 
science, but it does not apply to the public generally. I am afraid tliere are 
many persons who do not consult their health by placing themselves under 
such regular conditiona We look to science to afford the means of conferring 
benefit upon the public generally. Now there is no doubt that the Royal 
Meteorological Society can contribute to this, but not by altering the conditions 
dealt with — your Society's work appertains to conditions of too cosmical, too 
comprehensive a nature to permit of your being able to alter them as we strive 
to do in the profession to which I belong. In my profession we seek for know- 
ledge as you do, but we seek it not simply for its own sake, but with the 
practical view of conferring benefit around. We seek for knowledge so as to 
acquire power, and to be able to control conditions and bring about the results 
which we desire. These results are for the benefit of the health of mankind. I 
am afraid. Sir, that with your science you stand in much the same position as 
does the astronomical science. You are not able to control conditions, but 
you may study them, and through the study confer a benefit by giving us 
knowledge of the variations of meteorological conditions which are in prospect 
before us. It is a maxim that to be fore-warned is to be fore-armed, and if we 
liave a knowledge of the conditions which are before us we can provide ourselves 
suitably to meet the circumstances. In this way your science may be a benefit 
to humanity. I will give a simple illustration : take the affection with which, 
Mr. President, your life has been closely associated, that of consumption. 
This, as we now know, depends upon a microbe. Now this microbe may 
enter a system which is not vulnerable, or it may enter one which is. Your 
Society, by fore-warning us, may keep us from taking cold, and by avoiding 
taking cold we may maintain ourselves in an invulnerable state. It is quite 
possible, looking at the advance you have made during the last fifty years, that 
you may in the years to come, by your knowledge of the conditions and circum- 
stances likely to arise, put humanity in a much more favourable position than 
it is at present for guarding itself against conditions which prove unfavourable 
to health. With conditions over which you have control you have shown you 
can very largely contribute to the happiness of those around you. Looking at 
the repast which has been provided for us this evening, over which you have 
had the power of exercising control, you have shown us you can use your 
endeavours in the right direction for contributing to the pleasure of others. I 
am sure I express the feeling of all present when I thank you for the way in 
which your guests have been entertained this evening. 

Dr. G. Hellmann. — Not being familiar with the English manner of toasting, 
and after having heard so many able toasts, it is of course very difficult for me 
to propose a new one. Notwithstanding, I will try it, as the President permits 
me to do so. It seems to me that one point of view has not been alluded to this 
evening — I mean the cosmopolity of Meteorology. Except perhaps Astronomy, 
there is no other science so dependent upon co-operation as Meteorology : it has 
no nationality. A friend of mine whom you know very well. Professor Mohn 
of Christiania, on a similar occasion said to me : ** My dear friend, do you know 
what is the best of Meteorology ? " and at once he replied, " Its intemationality, 
its international character " ; and he is quite right. Without co-operation — 
international inter-oceanic co-operation — we cannot make progress, and there- 
fore I drink to " Tlie Progress and Prosperity of the International Science of 
Meteorology." 
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LIST OF PRESIDENTS, 1850-1900. 
(Plates X. and XI.) 

Since the founding of the Society on April 3, 1850, twenty -four 
gentlemen have been elected President, most of whom have served 
for the usual term of two years, Dr. R. D. Thompson died during his 
year of office, when the Council appointed Mr. S. C. Whitbread to the 
Presidential Chair for the remainder of the year. In view of the 
Jubilee of the Society, the late Mr. G. J. Symons was elected President 
for the second time, on January 17, 1900, but owing to being seized 
with paralysis on February 14, he was obliged to resign this office at 
the next Council Meeting, when Dr. C. Theodore Williams was appointed 
President for the remainder of the year. 

Samuel Charles Whitbread, F.RS., F.RA.S. 
Georoe Leach, F.Z.S. 
John Lee, LL.D., F.RS., F.RA.S. 
Robert Stephenson, M.P., F.RS., M.InstC.E. 
Thomas Sopwrrn, M.A., F.RS., M.InstC.E. 
Nathaniel Beardmore, M.InstC.K, F.RA.S. 
Robert Dundas Thompson, M.D., F.RS. 
Samuel Charles Whitbread, F.RS., F.RA.S. 
Charles Brooke, M.A., F.R.S., F.RC.S. 
James Glaisher, F.RS., F.RA.S. 
Charles Vincent Walker, F.RS., F.RA.S. 
John William Tripe, M.D. 
Robert James Mann, M.D., F.RA.S. 
Henrt Storks Eaton, M.A. 
Charles Greaves, M.InstC.E., F.G.S. 
George James Symons, F.RS. 
John Knox Laughton, M.A., F.RG.S. 
Robert Henry Scott, M.A., F.RS. 
William Ellis, F.RS., F.RA.S. 
WiLUAM Marcet, M.D., F.RS. 
Baldwin Latham, M.InstC.E., F.G.S. 
C. Theodore Willl^s, M.A., M.D., F.RC.P. 
Richard Inwards, F.RA.S. 
Edward Mawley, F.RH.S. 
Francis Campbell Bayard, LLM. 
George James Symons, F.RS. 
1900 Feb. 21. C. Theodore Williams, M.A., M.D., F.RC.P. 

Portraits of all the Presidents, but with two exceptions, are given 
on Plates X. and XL It has not been possible to obtain a portrait of 
Mr. G. Leach, nor of Dr. R. D. Thompson. 
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KEPORT OF THE COUNCIL 

FOR THE YEAR 1899. 

The most noteworthy event in connection with the Society has been the 
removal of the Society's Offices and Library from 22 Great George 
Street to its new rooms at 70 Victoria Street 

After much discussion between the Society's legal advisers (Messrs. 
Fladgate and Co.) and its Surveyor (Mr. Penfold) on the one part, 
and the representatives of the Commissioners of Her Majesty's Works 
and Public Buildings on the other, the sum of £800 was awarded to 
the Society by the Government as compensation for the compulsory 
removal of the Offices and Library, and for the purchase of the Lease- 
hold interest of the Society in No. 22 Great George Street. In addition 
to this, the costs of the negotiations were paid by the Government, 
and the Council were allowed to remove, without charge, some of the 
bookcases which were required. 

The Council regret having been obliged to remove so far from the 
premises of the Institution of Civil Engineers, where the Meetings of 
the Society have been held for so many years. On the other hand, they 
cannot but regard the present Offices, now that they have been, at con- 
siderable ex])ense, altered and fitted up to meet their requirements, as 
in many respects the most suitable the Society has yet occupied. The 
new rooms are larger and more lofty than the old ones, and, among 
other advantages, afford better accommodation for the Fellows and for 
the rapidly increasing Library. The principal room is sufficiently large 
to allow of the Society's Meetings being held there whenever, as 
occasionally happens, the Meeting Room at the Institution of Civil 
Engineers is not available. A comfortable and suitably furnished Reading 
Room is set apart for the use of Fellows consulting the Library. 

The Council trust that the work of the House Accommodation Com- 
mittee in carrying out the alterations and arrangement of the new 
Offices will meet with the approval of the Fellows. 

The removal of the Library, Manuscripts, and Records from Great 
George Street^ and the rearrangement of the Library, necessarily threw 
additional work on the staff and somewhat delayed the issue of the 
Society's publications, particularly of the Meteorological Record. 

The Council desire to place on record their appreciation of the zeal 
with which the staff have carried out their work. 

When all the alterations had been completed, the President gave a 
reception to the Fellows in the New Rooms on May 16, and this was 
numerously attended. 

The Council mention with special regret the deaths of two of the oldest 
Fellows, viz. the Rev. Canon Slatter, F.R.A.S., who was one of the founders 
of the British (now the Royal) Meteorological Society ; and Mr. C. L. 
Prince, F.RA.S., who was elected in its first year (1850). At the present 
time the only original founders in the ranks of the Society are Mr. J. 
Glaisher, F.RS., Mr. W. Johnson, F.RA.S., and Mr. E. J. Lowe, F.RS. 

Committees. — The Council have been materially assisted during the 
year by the under-mentioned Committees : — 
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Editing Committee. — The President, Messrs. Bentley, Inwards, and 
Dr. Scott. 

General Purposes CoMMirrEE — ^The President, three Secretaries, 
Treasurer, Messrs. Ellis, Inwards, and Latham. 

House Accommodation CJommittee — The President, three Secre- 
taries, Treasurer, Messrs. Heberden, Inwards, and Latham. 

Wind Force Committee, — The President, Secretaries, Messrs. 
Chatterton, R H. Curtis, Dines, C. Harding, Munro, Capt. Wilson-Barker, 
and Dr. Scott. 

Mf^tings. — With the exception of the May and June Meetings, which 
were held in the afternoon in the Society's own rooms, the Meetings of 
the Society were held as usual, by the courtesy of the President and 
Council of the Institution of Civil Engineers, in their Meeting Room. 

Quarterly Journal, — This publication has contained papers of unusual 
interest^ among which may be mentioned the Presidential Address by 
Mr. Bayard on " The Government Meteorological Organisations in various 
Parts of the World " ; Mr. F. J. Brodie on " The Prolonged Deficiency 
of Rain in 1897 and 1898"; Mr. H. Mellish on "Soil Temperatures"; 
and Mr. H. N. Dickson on "The Mean Temperature of the Surface 
Waters of the Sea round the British Isles and its relation to that of the 
Air." 

Meteorological Record, — This publication has been increased from 1 2 to 
16 pages, as the records of earth temperature and of sunshine had in- 
creased in number. The reason for its issue having temporarily fallen 
in arrear has already been stated. 

Wind Force Experiments. — In continuation of the Wind Force experi- 

. ments carried out at Green hithe in 1897-98 on H.M.S. JForcestei', an 

anemometer has been erected, under the direction of the Wind Force 

Committee, at Stone Ness Point, on the north side of the river, and 

800 yards from the ship. 

Research Fund, — A welcome contribution of £10 to this Fund has been 
received during the year from a Member of Council. The cost of pro- 
viding anemometers and of their erection on H.M.S. Worcester for the 
Wind Force ex[>eriments above mentioned has recently been met out of 
this fund ; and the Council trust that further contributions will be 
received, to enable them to undertake fresh investigations. 

Medals to Cadets on H,M,S, Worcester. — The first Silver Medal struck 
from the die presented to the Society by the President was awarded, on 
the recommendation of the examiner appointed by the Council (Dr. R. H. 
Scott, F.R.S.), to Cadet A. K C. Harris for the best essay sent in on 
" The Meteorology of the Atlantic" 

Stations. — Observations have been accepted from the following new 
Stations, viz. Southwold, Suflblk ; Cahir, Tipperary; Bath, and Ilton, 
Somerset ; Roden, Shropshire ; and Ravenscar, Yorkshire. 

Inspection of Stations, — All the Stations in the north and north-east of 
England were inspected and found to be on the whole in a satisfactory 
condition. Mr. Marriott's Report is given in Appendix. 

Fhenological Report, — This was as usual prepared by Mr. Mawley and 
read at the February meeting. There is a satisfactory increase in the 
number of observers, and the distribution of the stations has been still 
further improved. 
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Uhrary, — Advantage has been taken of the removal of the Society's 
books from Great George Street to rearrange the whole Library, and steps 
are being taken to check it against the MS. Catalogue. It was also found 
that much space was occupied by books containing little or no information 
upon Meteorology. These were put aside, and a Committee of the 
Council examined them and disposed of what was considered useless to 
the Society. 

Bequests, — The Council are glad to report that in addition to the 
numerous books presented by Mr. C. L. Prince before his death, and 
reported last year, he has by his will left to the Society his remarkably 
long and interesting MS. and printed record, extending from 1841 to 
1899, and also authorised the Society to make a further selection from 
his library. The Society is also indebted to the Rev. Canon Slatter for 
the bequest of his MS. records and some additions to the Library. 

A list of the books, etc., received by purchase or presentation will be 
found in the Appendix. 

Fellows. — The changes in the number of Fellows are given in the 
following Table, which shows an increase of one during the year : — 



Fellows. 


Annual. 


Life. 


1 
Honorary. '| Total. 

i! 


1 898, December 3 1 


400 


146 


18 ; 564 

i 


Since elected . . . 
Since compounded 
Deceased .... 

Retired 

Struck off ... . 


+ 28 

- I 

- 9 
-T3 

- 5 


+ 4 
+ I 
-4 

147 


... 


' +32 

1 -13 

1 

i -'^ 

1 - S 


1899, December 31 


400 


.8 j 565 



Deaths, — ^The Council have to announce with 
of the following Fellows : — 
Elizabeth Brown. 

Edward Case, J.P., AssocM.InstC.E. 
Laurence Trent Cave. 
Capt. Sir Douglas Galton, K.C.B., D.C.L., LL.D., 

F.R.S., Hon.M.Inst.C.E, F.G.S., F.L.S. 
Arthur Greg. 

James Stewart Hodgson, J.P. 
Joseph Horrocks. 

James Wallace Peggs, Assoc.M.Inst.C.E. 
Charles Leeson Prince, M.RC.S., F.RA.S. 
Rev. Canon John Slatter, M.A., F.RA.S. 
Thomas Taylor Smith, M.Inst.C.E. 
Capt Samuel Trott 
Hale Wortham, F.RA.S. 

Q 



much re<jret the deaths 



elected April 19, 1893 


» 


May 17, 1899 


»» 


May 19, 1886. 


9) 


June 18, 1879. 


W 


Dec. IT, 1890 


»> 


Mar. 19, 1879 


)) 


Nov. 19, 1890. 


9i 


April 21, 1880. 


» 


May 7, 1860. 


9f 


April 3, 1850. 


i7 


May 17, 1876. 


»> 


Dec. 16, 1886. 


» 


Feb. 11, 1861. 
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STATEMENT OF RECEIPTS AND EXPENDITUR] 



RECEIPTS. 



Balance from 1898 . 

Subscriptions for 1899 

Do. for former years 
Do. paid in advance 

Life Compositions . 

Entrance Fees 



£682 

66 3 

27 
105 

28 



£8r. 1 1 



908 3 



Meteorological Office— Copies of Returns .... £106 6 6 
D«w Grant towards Inspection Expenses 25 



131 6 



Dividend on Stock (including £40 : 18 : 2 from the New Premises Fund) 

Sale of Publications, &c. . 

Compensation for Surrender of Lease of Rooms at 22 Great George Street to the 

. Commissioners of Her Majesty's Works and Public Buildings 
Repayment from Research Fund — 

(1) Per Account . . . . . . £18 7 8 

(2) Sale of £16:6: 11 Consols at lOli . . 16 6 7 

/ 



131 3 
47 17 

800 



29 14 



£2133 7 



REPORT OF THE COUNCIL— APPENDIX I 



207 



FOR THE YEAR ENDING DECEMBER 31, 1899. 



Joumalf dx. — 



EXPENDITURE. 



Printing Nos. 109 to 112 . 

Illustrations 

Anthors' Copies .... 

Meteorological Record, Nos. 72 and 73 . 

Reprints from Registrar-General's Reports 

Printing^ <fcc — 
General Printing .... 
Forms ..... 
Stationery ..... 
Books and Bookbinding . 



J Expenses — 
Salaries 

Rent and Honsekeeper 
Coals, Lighting, &c. 
Postage 

Petty Expenses 
Refreshments at Meetings 
Medals 



New Offices — 
Fitting up new Bookcases and Cupboards . 
Alterations, Furnishing, Removal, &c. 
Architect's Fees and Plans 
Gratuities to SUff .... 



Observations — 
Inspection of Stations 
Oboerrers . 
Inatniments 



£168 6 6 

31 6 11 

10 13 6 

35 14 6 

3 8 11 



£24 8 6 
17 8 6 
22 18 8 
16 12 10 



£461 18 4 

200 

12 9 6 
62 8 
19 2 7 

13 10 6 
2 8 6 



£201 1 9 

262 10 

18 13 11 

25 



£54 9 11 

9 2 

16 17 10 



Stock— 
Purchase of £234 : 2 : 11 South Australian Inscribed Stock at 106S 

Balance — 

At Bank of England £181 10 

In hands of Assistant-Secretary . . 11 6 4 



£249 9 4 



81 8 6 



771 17 6 



507 5 8 



80 9 9 



250 
£1940 10 8 



192 16 4 
£2133 7 



Examined and found correct, 



January 10, 1900. 



FREDC- GASTER, 
M. JACKSON, 



Auditors, 
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ASSETS AND LIABILITIE 



LIABILITIES. 



To Subscriptions paid in advance . 
„ Rent for quarter ending December 25, 1899 

,, Excess^ of Assets over Liabilities • 



£27 




50 






£77 
3631 1 





£3708 1 



1 This exceHti \n exclusive of the value of the Library and Stock of Pablications. 

WM. MARRIOTT, Assistant- Secreianj. 



NEW PREMISES FUNI 



Amount ^wiid to the Society's Funds towards the rent of rooms at 70 Victoria 

Street. . . . . . . . . . £40 18 



RESEARCH FUN! 



Amount paid to the Society's Funds ...... £13 7 
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/. — CoiUinned. 



ON JANUARY 1, 1900. 



' ASSETS. 

By InvestineHt in Great Central Railway 4i per cent Debenture 

Stock, £800 at 143 xd ..... £1144 

,, Investment in New South Wales 4 per cent Inscribeil Stock, 

£654: 188. at 113 . . . . . . 740 9 

„ Investment in London & North-Westem Railway Consolidated 

Stock, £350 at 198 . . . . . 693 

„ Investment in 2^ per cent Annuities, £231 : 11 : 9 at 97 . 224 12 10 

,, Subscriptions unpaid, estimated at 
,, Entrance Fees unpaid . 
,, Interest due on Stock . 

„ Furniture, Fittings, &c. 
,, Instruments 



Cash at Bank of England 
Cash in hands of the Assistant 



January 10, 1900. 



Secretary 



£40 

9 

56 14 




7 


£464 15 
143 1 


10 
3 


£181 10 
11 6 



4 



Examined, 



FRED^- GASTEU, 
M. JACKSON, 



£2801 13 7 

105 14 7 

607 17 1 

192 16 4 

£37 08 1 7 

Axiditors. 



DECEMBER 31, 1899. 



Interest received on investment 



£40 18 2 



NfAe. — The Society holds on account of this Fund £1443:7 :9 South Australian 3i per 
cent Inscribed Stock. 

Examined, 

FREDC- GASTER, \ 



Jamiary 10, 1900. 



M. JACKSON, 



Auditors. 



DECEMBER 31, 1899. 



Contribution by Mr. R. Bentley 
Interest received on investment 



£10 
3 7 8 

£13 7 8 



iVW.— The Society holds on account of this Fund £107 : 17 : 9, 2| per cent Consols. 

Examined, 

FREDC- GASTER, ^ ^ ^. 

J- A uditors. 



Jamiary 10, 1900. 



M. JACKSON, 
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APPENDIX IL 
INSPECTION OF STATIONS, 1899. 

All the stations north of 52° N. latitude, and east 2"^ W. longitude, 
which were not inspected last year, as well as several others, have been 
visited, and were found to be generally in a satisfactory condition. 

The number of thermometers which have been tested has been 150, in 
22 of which there was an alteration of zero. Twenty-one rain-measur- 
ing glasses have also been tested, one of which was not satisfactory. 

At two or three stations the index in the minimum thermometer has 
occasionally got out of the spirit, and the instrument has consequently 
been out of order. This seems to be due to the inside of the tube not 
being clean, as the index does not slide down the tube freely when the 
thermometer is inclined. 

I am glad to say that, in accordance with my recommendation, the 
Hospital authorities at Buxton made fresh arrangements for the carry- 
ing on of the observations and appointed a chemist in the town as the 
observer. I believe the observations will now be satisfactory. Owing 
to these changes the barometer had to be moved to another place. The 
returns sent into the Society showed that the readings were too high. 
On examining the adjustment of the barometer, I found that it was greatly 
out of the perpendicular, this being due to the settlement on one side of 
the post on which it was suspended. I got a carpenter to set the post 
upright and to make it thoroughly secure. From readings taken before 
and after the operations, I found that the barometer, owing to being out 
of|the perpendicular, had been reading '024 in. too high. 
► * I regret that the Scarborough observations have been unsatisfactory. 
After seeing the observer I wrote to the Town Clerk stating that the 
Society could not continue to accept observations from Scarborough unless 
they were satisfactory, and recommending that the Corporation should 
thoroughly reorganise the meteorological station. I am glad to say that 
this matter has been favourably considered, and that the Corporation have 
transferred the meteorological observations to the Borough Engineer's 
Department. 

For some time past I have been doubtful about the amount of sun- 
shine recorded at Regent's Park, as it seemed to be much lower than 
that at surrounding stations. The glass ball is apparently losing its 
power to record the sunshine, as will be seen from the following figures : — 

Difference from the Swishine Beeorded at 

Kew. Bonhill Row. 

1894 -212 hours. - 74 hours. 

1895 -292 „ - 68 „ 

1896 -428 „ -128 „ 

1897 -402 „ -126 „ 

1898 -500 „ -184 „ 

These figures show a distinct falling off in the amount of sunshine 
recorded at Regent's Park. The ball is very dull, and the surface of the 
glass appears to be eaten into, or affected by the atmosphere. As this 
seems to be somewhat similar to what occurred at Greenwich a couple of 
years ago, I think the matter should be inquired into, so that, if possible, 
the cause of the change may be ascertained. 

Wm. Marriott. 

October 17, 1899. 
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NOTES ON THE STATIONS. 

Appleby, July 7. — ^The thermometer screen required strengthening. As 
the maximum was placed near the top of the screen, I recommended that it be 
lowered and mounted just above the minimum. On comparing the ther- 
mometers it was found that the dry and wet had gone up O^-l and the maxi- 
mimi 0'*-2. 

Belpbr, August 24. — The thermometers were in the same place as formerly, 
but the rain-gauge had been discontinued and a 5-inch gauge started at Mr. 
Hunter^s new house, " Quarry Bank," which is 60 feet above the former site. 

Blackpool, July 12. — The minimum had some spirit up the tube. The 
thermometer screen required painting. On comparing the thermometers it was 
found that the minimum had gone down 0'**1. Owing to alterations at the 
Sanatorium it will be necessary to move the instruments to another site. Dr. 
Anderson suggested a fresh site which seemed very good. He also wished to 
bring the sunshine recorder there, as the cards were occasionally tampered with 
on the pier. A good exposure would be obtained if the recorder were mounted 
about 20 feet above the ground. 

BowNESS, July 10. — The sunshine recorder is mounted on the roof of the 
Hydropathic Hotel In the winter months it is placed on the roof of the water 
tower. I re-adjusted the instrument, as it was neither level nor set to the proper 
latitude, but could not examine it for time, as there was no sunshine. 

Bbundall, September 14. — The thermometer screen required strengthening. 
On comparing tlie thermometers it was found that the minimum had gone 
up 0'-2. 

Burton-on-Trent, August 26. — I called on Mr. Wells and found that the 
observations had been regularly taken, but that he had not time to copy them 
out and send them to the Society, owing to his new duties. He, however, 
agreed to arrange for the readings to be sent from January 1. The instnunents 
appeared to be in good order. 

Buxton, July 26. — In accordance with my recommendation, the Devonshire 
Hospital Authorities had recently made fresh arrangements for the carrying on 
of the observations, and had appointed Mr. Pilkington as observer. I gave him 
instruction on various matters of detail The screen required painting. I 
recommended that the grass plot containing the instruments should be railed off. 
The sunshine recorder required re-adjusting. The barometer was not hanging 
vertically. 

I visited this station again on August 23, and found that the recommendations 
which I had previously made had not all been carried out The barometer was 
still out of perpendicular. This, I found, was due to the settlement of the hut 
in which it is mounted. I engaged a carpenter, who succeeded in making the 
board quite perpendicular, so that the barometer hung freely in the ring round 
the cistenL From readings taken before and after the operation I found that the 
barometer, owing to being out of the perpendicular, had been reading -024 in. 
too high. 

Cheadls, August 22. — The barometer had some globules of mercury up the 
tube. These I removed by running the mercury up to the top of the tube. 
The grass minimum had some spirit up the tube. 

Gorton, September 14. — The sunshine recorder was in good condition, but 
was about 5 minutes &st in time. I recommended that the tops of some trees 
should be cut off, so as not to intercept the sun's rays. 
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Derby, August 24. — The screen required painting. I altered the position of 
the dry and wet thermometers in the screen. It is proposed very shortly to 
have a 4 -foot earth thermometer. 

Driffield, September 4. — I called on Mr. Lovel to see if he could not con- 
tinue to send returns to the Society. After some persuasion, he agreed to do so 
for a time. 

Ely, September 14. — On comparing the thermometers it was found that the 
dry and wet had gone up O'^'l. I suggested that the screen should be washed. 

Grange-over-Sands, July 11. — The Jordan sunshine recorder at Charnley 
Hall is mounted on a post on the lawn at the southern comer of the house. 
The exposure is good except on the west and north-west, where the trees make 
an angle from 7** to 10*. The instrument required re-adjusting. 

Harrogate, July 20. — I called on Mr. Paul and found that he had recently 
been appointed meteorologist by the Corporation. The thermometers were to 
be sent to Kew for re-verification. 

HiLLiNGTON, September 12. — The minimum had an air-bubble in the spirit^ 
just below the index, and was apparently acting as an ordinary thermometer. 
The muslin on the wet bulb was not working properly. 

HoDsocK, Au^u^t 28. — On testing the thermometers it was found that botli 
the earth-thermometers had gone up 0***!. Trees on the east and east-north-east 
intercept a little of the early morning sunshine. 

Ipswich, September 16. — I called at the Museum, but found that the instru- 
ments had not yet been moved to a more open situation as recommended at my 
last visit. 

Lancaster, Jtdy 11. — The minimum had 0"-8 of spirit up the tube. The 
column of mercury in the maximum separated and ran up the tube when the 
screen was shaken, I instructed the observer always to tilt the thermometer 
gently before reading. The screen required painting. The hook to the funnel 
of the Glaisher rain-gauge prevented the water from running into the can 
below. I recommended that this be replaced by a straight tube. The sunshine 
recorder required re-adjusting, as the ball had been clamped much too low 
and the instrument had been set for latitude 48** instead of 64^ 

Lincoln, August 30. — There was no change in any of the instruments. 
The electrical thermometer on the tower of the Cathedral seemed to be in good 
order. The screens on the turret required painting. 

Llandudno, August 19. — The minimum liad O^'S up the tube. As the 
mercury in the cistern of the Fortin barometer was very dirty, I recommended 
that the instrument be sent to the makers to be cleaned. 

Llanerchymedd, August 18. — This station is at Llwydarth Esgob, which is 
about two and a half miles from the sea at its nearest point The instruments 
are on a lawn with a good exposure, but somewhat protected by trees from west 
to north. The thennometera required re-arranging in the screen. I recom- 
mended that a deputy be trained to take the readings when the observer is 
away. 

Lowestoft, September 13. — Mr. Miller has transferred his instruments to the 
Corporation with the view of securing the continuity of the obsen^ations. A 
good site has been secured in the Belle Vue Park, and the instruments are 
placed in a railed-off enclosure. The sunshine recorder is mounted on a post 
about 20 feet high. 

Macclesfield, August 23. — On testing the thermometers it was found that 
the minimum liacl gone up 0*'-2. 
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Old Street, E.C., September 21. — Owing to the growth of trees it was con- 
sidered desirable to have a second set of instruments placed in another position 
in the churchyard. I found that the new screen was placed close to a tomb- 
stone, and was not in the spot which I had previously selected. The screen was 
subsequently removed to the selected site. 

Ravensthorpe, September 26. — The indices of the maximum and minimum 
both had a tendency to go up the tube when shaken. I recommended that the 
thermometers be mounted more inclined, and also that fresh back-plates, with a 
hole and slot, be put on. The tube of the maximum was liable to slip down 5* 
when shaken for setting. Tliis was due to the knob at the end of the tube 
having been broken oflf. I refixed the thermometer tube and made it firmer. 
I urged the observer to give careful attention to the wet bulb. 

Regent's Park, N.W., September 21. — The ball of the sunshine recorder was 
very dull, and the surface of the glass appeared to be eaten into or affected by 
the atmosphere. This seems to be somewhat similar to the old ball at Green- 
wich. Two trees required to have their tops cut, as they subtended a considerable 
angle above the horizon. The minimum had been broken, and another ther- 
mometer, which did not always work properly, was used in its place. I recom- 
mended that a better thermometer be obtained. The screen ■ required painting. 
Three of the earth thermometers had some mercury up the tube. I succeeded 
in getting this down in two of them, but the 3-inch thermometer still has 1**'8 of 
mercury detached. 

RoDEN, August 21. — Roden is 6 miles east-north-east of Shrewsbury and 
8 miles north-north-west of Wellington. The station is at the Roden estate, which 
has recently been opened by the Co-operative Wholesale Supply, Limited, of 
Manchester, for growing strawberries, tomatoes, and other kinds of fruit The 
screen was placed close to a temporary roadway. I recommended that it be 
moved to another site, and that grass should be laid down round it The ther- 
mometers required re-arranging in the screen. I recommended that the pipe in 
the Glaisher rain-gauge be straightened, and that holes be made in the groove 
outside. 

Rouxton, July 20. — The index of the maximum is very short, being only 
4 J** in length. The earth thermometer needed some rubber over the bulb, as 
the bottom of the stick was worn away and the glass bulb exposed. 

ScALEBY, July 16. — The posts of the screen had become rotten and required 
strengthening. The wet bulb was not working properly. I impressed upon the 
observer the necessity of paying great attention to the working of this instru- 
ment On comparing the thermometers it was found that the dry and wet bulbs 
had gone up 0'*1. 

Scarborough, July 21. — Owing to the unsatisfactory manner in which the 
observations had been kept, and after consulting with the Chairman of the 
Meteorological Sub-Committee, I wTote to the Town Clerk recommending that 
the Corporation should take steps for the equipment and maintenance of 
a thoroughly good station. 

Seathwaite, July 14. — I took with me a new Stevenson thermometer 
screen, which I put up on the same site as the old one. At the request of Mr. 
Symons I also set up a Negretti and Zambra self-recording rain-gauge. The 5-inch 
rain-gauge needed some repairs, which I had done in Keswick. 

SouTHWOLD, September 15. — The instruments are placed in an enclosure in 
a garden near tlie church. The enclosure is 30 feet square and is surrounded 
by wire-netting 5 feet high. The exposure is good. The grass minimum had 
6** of spirit up the tube. Mr. Herl>ert has a full equipment of instruments, in- 
cluding an evaporation tank 4 feet square. 
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Strelley, Augugt 26. — On comparing the thermometers it was found that 
the dry and wet had gone up O'-l. A more 'open exposure for the sunshine 
recorder is desirable (but not obtainable), as the trees on the east and west make 
an angle of 10'. 

UsHAW, July 19. — A new rain-gauge had been obtained since the last 
inspection. On comparing the thermometers it was found that the dry bulb 
had gone up O"*!. 

Wakefield, Augiut 29. — I found that the rain-gauge had not been 
examined that morning, although there had been rain the previous day. 
I -urged very strongly that the gauge should be examined every morning. I 
also recommended that great attention should be paid to the wet bulb. On 
comparing the thermometers it was found that the wet had gone up 0'*'1. 

Wryde, September 6. — The maximum sets very stiffly and requires a good 
deal of shaking to get the mercury down. This may possibly account for some 
high readings, if it is not well shaken down. The tube of the minimum 
apparently has some dirt or deposit in it, as the index does not slide freely. 



APPENDIX III. 
OBITUARY NOTICES. 



Miss E. Brown. — On March 5, 1899, Miss Elizabeth Brown, one of 
our few lady Fellows, was suddenly called away from an active scientific 
life. 

Her astronomical work in connection with the Liverpool Astronomical 
Society, and, later, in the formation of the British Astronomical Associa- 
tion, in both of which Societies she held the responsible post of Director 
of the Solar Section, was fully commented on in the public papers and 
in scientific journals at the time of her death, but her meteorological 
work was only slightly noticed. 

She much prized her Fellowship in the Royal Meteorological Society, 
an honour offered her by the late Mr. G. J. Symons, with whom she 
had long corresponded, as also her father, Mr. T. C. Brown. It was in 
taking up her father's work, who had supplied Rainfall Observations 
from 1845 to 1871, after which increasing infirmities caused him to 
pass over the daily record to his daughter, that Miss E. Brown felt she 
really had a solid connection with Meteorology ; and Mr. Symons, in a 
letter of December 12, 1882, expressed his delight that no break in the 
long record had occurred. One of her chief characteristics — that of 
quiet perseverance in whatever she undertook — was fully shown in this 
work. The 9 a.m. visit to the rain-gauges was the regular beginning of 
every day. She also recorded temperature, noted deep-well measure- 
ments, and for some years undertook to report thunderstorms. Trained 
from childhood to make the watching of the sky and of the sunset a 
daily pleasure, she was ever keenly alive to the absorbing interests of 
Meteorology, a keen watcher of the tokens of the clouds and the lessons 
of the winds, and the strong bent of her mind towards science was 
combined also with that desire for accuracy and truth which is so 
essential to the value of any report. 

This scientific turn of mind coloured the pleasures of her home life 
and of her many travels ; it gave her constant occupation, and linked 
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her to many friends. Correspondents with whom she seldom or never 
exchanged a word miss her now. 

Humble and quiet, simple in her tastes, and constant in her love for 
the good and the true, she has left behind her an example of the gentle 
life which will not soon be forgotten. Her death was in harmony with 
her life. She was spared long illness, the shadow of fear, and the bitter- 
ness of parting ; being called away in a moment, before anxiety had 
time to awaken. 

The very last effort of her active pen was the adding up in her 
Rainfall book of the record of April 1899. 

She was elected a Fellow of this Society on April 19, 1893. 

Edward Case was born on September 6, 1842, and was educated 
at the Maidstone Grammar School and at the Queenwood College, 
Hants. After serving a pupilage in the oflSce of Mr. Whichord, County 
Surveyor of Kent, he was appointed in 1866 an engineer in the Public 
Works Department of Ceylon. Whilst in Ceylon he had charge of 
large and important districts, constructed 10 miles of mountain railway, 
designed and erected several bridges and public buildings, and carried 
out important drainage, irrigation, and water-supply works. In 1883 
Mr. Case retired from the public service, returned to his native town, 
Maidstone, and there practised as an engineer. In the following year 
he was appointed local engineer to the Maidstone Waterworks Com- 
pany, and was engaged for that Company in 1885 and 1886 on a 
Parliamentary Bill for a large extension of the Works. 

In May 1890 Mr. Case was appointed to the office of Expenditor 
of the Romney Marsh Level, and on him then devolved the charge of 
the important sea-defences at Dymchurch. He applied himself to this 
difficult task with characteristic vigour and determination, and the 
results have been particularly satisfactory ; for the shore, which in 1894 
consisted of pools of water standing low in the sluggish mud and sand, 
was in 1897 a fine stretch of sand. The engineering difficulty had been 
overcome, a heavy beach had been formed, and low-water mark, which 
formerly touched the foot of the paving, had been pushed 400 feet sea- 
wards. This system of groyning, with which Mr. Case's name will be 
chiefly associated, is remarkable for its simplicity of design, the economy 
it effects in time, labour, and cost of materials, and its successful 
results at Dymchurch and elsewhere. 

Mr. Case, who was an Associate Member of the Institution of Civil 
Engineers, died on September 23, 1899. 

He Was elected a Fellow of this Society on May 17, 1899. 

Sir Douglas Strutt Galton, K.C.B., D.C.L., F.R.S., was born in 
1822; and was the second son of Mr. John Howard Galton of Hadzor 
House, Droitwich, Worcestershire. He went from Rugby to the Royal 
Military Academy at the age of 15, and when he obtained his commis- 
sion in the Royal Engineers he passed the highest examination on 
record, taking the first prize in every subject. Although a soldier, his 
career was almost entirely a civil one ; indeed, he never attained a higher 
rank in the army than that of captain. 

In 1847 he acted as Secretary to the Commission that investigated 
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the application of iron to railway structures, and soon after became an 
Inspector of Railways and Secretary of the Railway Department of the 
Board of Trade. This position he resigned in 1860, but his knowledge 
of railway matters led to his still carrying out a good deal of important 
work in connection with railways. Perhaps the most important of these 
was the series of experiments for testing automatic brakes carried out 
in 1878 and 1879. In 1860 he was appointed Assistant Inspector- 
General of Fortifications, and two years later he became Under-Secretary 
of State for War. After his retirement from this post he became 
Director of Works and Public Buildings in Her Majesty's Office of 
Works, an appointment which he held until 1875. 

To the general public he was best known as an eminent sanitarian. 
For the greater part of his life he devoted himself to the investigation 
of sanitary questions, and of late years these attracted his attention 
almost to the exclusion of other matters. The first important occupa- 
tion in his life was immediately after joining the Army, when he became 
engaged under Sir C. W. Pasley in the attempt to raise the Boyal George, 
which had sunk with great loss of life in August 1782; and for two 
or three years after this time he was abroad on business connected with 
the fortifications at Malta and Gibraltar. Afterwards he visited the 
United States and took the opportunity of studying the railway system 
in use there. He was one of the referees when the Metropolitan Drain- 
age Scheme was under consideration in 1857, and after the Crimean 
War he took part in preparation of a report on military sanitation. 
It may certainly be said with truth that in recent years no move- 
ment of any importance for the improvement of public hygiene occurred 
in which Sir Douglas did not take an active share. Another subject 
which he took up energetically was the study of submarine telegraphy. 
He was a leading member of the various sanitary institutions ; he took 
a prominent part in the Health Exhibition of 1884; he was a prime 
mover in the International Congress on Hygiene held in London in 
1891 ; and was always ready to devote his time and trouble to any 
project which seemed to hold out a prospect of benefit to public health. 
Sir Douglas Galton took the deepest interest in methods to promote the 
care and suitable education of defective brain power, and it is due to 
this that he assisted in founding the Childhood Society, of which he was 
elected Chairman, Earl Egerton of Tatton being President. Dr. Francis 
Warren and Dr. G. E. Shuttleworth were among the Members of the 
Council. 

He was long and closely associated with the British Association, 
acting as one of its General Secretaries for twenty-five years, and it was 
only in 1895 that he gave up that office to become President of the 
Association. He was elected a Fellow of the Royal Society in 1863, 
and an Honorary Member of the Institution of Civil Engineers in 1894. 
He was a D.C.L. of Oxford, and an LL.D. of several other universities. 
He was made a C.B. in 1865, and a K.C.B. in 1887. 

He died on March 10, 1899. 

He was elected a Fellow of this Society on June 18, 1879. 

James Stewart Hodgson was born in 1827, and was the younger son 
of the late Mr. J. Hodgson of Hampstead, and the brother of Kirkman 
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Daniel Hodgson, some time Governor of the Bank of England and M.P. 
for Biistol. Mr. Stewart Hodgson had for many years lived at Hasle- 
mere, where he built for himself a noble house on Lythe-hill, one of the 
loveliest positions in the South of England, and where, in his days of 
great prosperity, his kindliness of heart and his wise generosity made 
him universally beloved. He was a keen sportsman and an excellent 
shot, and at one time preserved largely. But his interest in sport never 
led him to use his position as a landowner to restrict public rights or 
interfere with the public enjoyment of the beautiful country in which he 
lived. In politics he was a hearty Liberal, was on the Commission of 
the Peace for Surrey, and some years ago served as high sheriff ; and he 
was lord of the manor of Haslemere and Godalming. He was a patron 
of art and artists, and was the original owner of Leighton's " Daphne- 
phoria," the picture with regard to which Mr. Holman Hunt once wrote 
in the Times in terms of enthusiastic praise. Mr. Hodgson, as a 
man of business, was always on the side of caution, but (like the other 
Baring partners) he was overborne by the stronger will of the late Lord 
Revelstoke, and, of course, had to share with him the responsibility for 
the great collapse. He bore this sudden adversity with great courage ; 
left Lythe-hill, sold all cherished treasures, moved into the small manor- 
house, and, though he was already fairly advanced in years, set himself 
to aid the liquidation with all the strength at his command. It is 
satisfactory that his efforts, and those of his associates, met with remark- 
able success. He died on July 14, 1899. 

He was elected 41 Fellow of this Society on March 19, 1879. 

James Wallace Peggs was born in London on September 3, 1848, 
and was educated at King's College School. In 1865 he was articled 
to Mr. J. W. Grover, and in 1867 and 1868 he was employed as resident 
engineer on the construction of the Clevedon Pier. He was engaged in 
the same capacity in 1869 and 1870 on the new pier at the Royal Arsenal, 
Woolwich, and from 1870 to 1872 he designed and carried out a dock 
and sea-wall at Garston, near Liverpool, for Hamilton's Windsor Iron- 
works Company. From about 1884 to 1887 Mr. Peggs acted as 
engineer to the Metropolitan Asylums Board, and carried out amongst 
other works an ambulance station and pier at Fulham, dry earthworks 
near Long Reach, and various matters in connection with the Board's 
fleet of hospital ships and ambulance boats. About this period he 
carried out various works for the Guardians of the Poor of the Parish of 
St. Leonard, Shoreditch. 

In 1888 Mr. Peggs was elected a Member of the Council of the 
Sanitary Institute, but owing to ill-health resigned his connection a few 
months previous to his death. He designed and presented to the Parkes 
Museum an interesting model showing the cone of depression produced 
in water-bearing strata caused by pumping from a deep well. He took 
great interest in experiments on the action of the wind on cowls, and was 
for many years one of the judges in connection with the annual exhibi- 
tions of the Sanitary Institute, in which capacity he took a deep interest 
and rendered much valuable service. He died on February 24, 1899. 

Mr. Peggs was an Associate Member of the Institution of Civil 
Engineers. 

He was elected a Fellow of this Society on April 21, 1880. 
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Charles Leeson Prince was born at Uckfield, Sussex, June 15, 
1821, where he passed the greater portion of his life; and he died, 
April 22, 1899, at his residence. The Observatory, Crowborough, in the 
same county, and but seven miles distant from his birthplace. 

His father, Charles Prince, originally of Cambridgeshire, settled in 
Sussex and practised as a medical man in Uckfield and the surrounding 
districts. From Uckfield to Tunbridge Wells via Crowborough, a ride 
of fourteen miles, was a common professional round in the early part of 
the century now closing, and Mr. Prince would often relate how his 
uncle, his father, and another doctor used to meet at Crowborough — 
then a bare hilltop and not considered safe, being frequented by high- 
waymen — who on seeing Charles Prince would pounce out and say, 
" Oh ! it's the doctor, let him go." 

He was educated primarily at the Uckfield Grammar School, and 
subsequently at Lewes, and received his medical training at Guy's 
Hospital like his father before him ; and so became the fifth surgeon in 
the family by direct descent from father to son. He settled at Uckfield, 
and practised with his father till the death of the latter, after which he 
remained in the same place till 1872, when he removed to Crowborough, 
at that time a barren common, but now, largely through Mr. Prince's 
influence, a health resort of no small repute. As a physician Mr. 
Prince paid special attention to the treatment of both epilepsy and 
hydrophobia. In the British Medical Association's Journal of May 16, 
1874, appeared an account of his treatment of the latter disease. 

Mr. Prince was a man of many parts : up to hia last illness he took 
a keen and active interest in such widely diverse pursuits as medicine 
and surgery (though he had retired from practice some ten years), astro- 
nomy, meteorology, photography, botany (which he studied practically in 
his beautiful gardens at Crowborough), archaeology, and numismatics. 
Furthermore, he had a very fine library, containing some rare and 
valuable books, some of the more famous editions of the Bible, and the 
earliest printed copies of the classics. 

He was the inventor of Princess Perpetual Calendar^ by which the 
day of the week on any date, past or future, may be found through an 
arrangement of the Sunday letters. Of this calendar he caused a silver 
casting to be made, which he left as an heirloom to his infant grandson, 
Christopher Switzer. 

He studied photography practically from the cradle of that science 
and has left on record descriptions of many early examples now difficult 
to procure, and he had a unique collection of old paper negatives dating 
from the forties. His coins also formed a most interesting collection, 
well worth studying. His bookplate was a very beautiful production, 
and may be found in an early number of Ex Libris, 

In 1882 he issued The Illustrated Account given hy Hevdius in his 
" Machina Celestis " of the Method of Mounting his Telescopes and Erecting an 
Observatory, This work consists of a reprint of chapters xviii., xx., and 
xxii., from an original copy of Hevelius, together with a translation 
and some remarks. 

In 1883 he published his Observations upon the Great Comet and Transit 
of Venus, made at Crowborough, Sussex, in the year 1882. With illustrations. 

And in 1895 he brought out A Literal Translaiion of the Astronomy 
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and Meteorology of Araius, with some Bibliographical Remarks. With 
regard to illustrations Mr. Prince says in the preface to this work : " As 
a frontispiece to this little volume I have given a representation of the. 
revolution of the planets around their supposed primary, in the order 
designed to them by the Ancients in the time of Aratus. This en- 
graving appears first, as far as I know, in the edition of Hugo Grotius, 
publisher at Leyden, in the year 1600 ; while Cellarius, in his Harmonia 
Macrocosmica, 1661, has given the same on a much larger scale, and it 
is from this latter plate that I have taken a photograph.'' 

Mr. Prince contributed to the Royal Astronomical Society papers 
on cometary, stellar, and other observations. He had several telescopes 
and other instruments at his observatory, which he greatly prized ; the 
chief was an equatorial with an object-glass of 6*8 inches aperture and 
12 feet focal length, which had formerly belonged to Dr. Pearson, 
and was originally made by TuUey about the year 1823. 

His chief contributions to the science of Meteorology were his two 
books on The Climate of Uckfidd and its Neighbourhood, published in 1871 
(with a second edition in 1886), and his Observations upon the Topography 
and Climate of Crowborough Hill, Sussex (the second edition of which 
appeared in 1898, not twelve months before his decease). For more 
than forty years Mr. Prince assiduously carried on an unbroken series 
of meteorological observations. 

Mr. Prince's illness became acute in November 1898, and he under- 
went a considerable amount of suffering till finally released by his death 
in April 1899. 

He was elected a Fellow of this Society on May 7, 1850. 

John Slattkr was born at Iffley, near Oxford, April 9, 1817. He 
went up to Oxford in 1835, and entering at Lincoln College, he became 
one of Lord Crewe's exhibitioners and graduated in 1838. In 1841 he 
took his M.A. degree and was ordained. For some years he worked at 
Leeds under Dr. Hook, then Vicar of Leeds. He subsequently had 
charge of Sandford-on-Thames, near Oxford, during the years 1852-61, 
residing at Mey. In 1861 he was appointed Vicar of Streatley, Berks, 
and in 1880 Rector of Whitchurch, Oxon, where he remained until the 
time of his death, April 7, 1899. In 1876 he was appointed Honorary 
Canon of Christ Church, Oxford. 

Canon Slatter had a private observatory at Rose Hill, Iffley, where 
he worked a good deal. He was obliged to give this up when he 
went to Streatley, but he still kept up much interest in Astronomy 
and Meteorology. He communicated two papers to the Royal 
Astronomical Society, relating to the observations of the aurora 
of February 4, 1872, and containing some interesting remarks as to the 
height of the aurora as deduced from observations of an auroral arch 
made at Streatley simultaneously with observations at Greenwich, 
October 24, 1870. Canon Slatter deduced a height of 118 miles above 
the earth's surface, on the assumption that the same phenomenon was 
observed at both places. He mentions one other case in which the 
identity of the phenomenon observed was satisfactorily established, and 
in this case, with a base of nineteen miles, a height of less than three 
miles was deduced. 
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He was an original Fellow of this Society, having been elected on 
April 3, 1850. 

Hale Worth am was born at Roys ton, July 1822, and was the son 
of the late Thomas Wortham, Solicitor, of Koyston. He was educated 
at Mr. Carver's school at Melbourn, Cambs, and King's College, London. 
In 1844 he was admitted to practice, anH on the death of his father, 
which occurred shortly afterwards, he succeeded to his business, living 
alone at Koyston. In December 1871 he was appointed Clerk of the 
Peace for the County of Cambridge. 

When the Local Government Act came into operation in 1888, and 
many of the functions discharged by Quarter Sessions were transferred 
to another authority, an enormous amount of work devolved upon Mr. 
Wortham. He was appointed Clerk to the newly constituted County 
Council, and occupied that post until his death. He was also Clerk to 
the Magistrates of the Arrington and Melbourn Division, and of the 
Odsey (Hertford) Division; and was a Deputy-Lieutenant for Cam- 
bridgeshire. Mr. Wortham owned considerable property in Royston, 
where he had lived all his life. He died, after a short illness, April 18, 
1899. 

He was elected a Fellow of this Society on Febniary 11, 1851. 



APPENDIX IV, 

BOOKS, ETC., PURCHASED DURING THE YEAR 1899. 

Books and Pamphlets. 

Arcana of Science and Art. 8* (1838). 

BAKfeTY, A. — Nice and its Climate. Translated, ^ith additions, by Charles West 
8" (1882). 

Bartholomew's Physical Atlas, vol. iii. Atlas of Meteorology. A series of over 
four hundred maps. Prepared by J. G. Bartholomew and A. J. Herbertson, and edited 
by A. Buchan, F.R.S. F (1899). 

Barton, J.— A Lecture on the Geography of Plants. 8* (1827). 

Cambridge, American Association for the Advancement of Science. — 
Proceedings at the Tenth Meeting, held at Albany, New York, Aug. 1866 ; and Twelfth 
Meeting, at Baltimore, Maryland, May 1858. 8 (1867 and 1859). 

Christian Almanack, 1837. 8* (1837). 

Croydon's Handbook for Torquay and its Neighbourhood, with the natural history 
of the district. 8°. 

Hall, T. B. — A Flora of Liverpool, and an Appendix contaiuine Meteorological 
Tables and Observations for the year 1838 by W. Armistead. 8'* (1840). 

H ASS ALL, A. H. — San Remo and the Western Riviera, Climatically and Medically 
considered. 8** (1879). 

Hellmann, G. — Neudrucke von Schriften und Karten iiber Meteorologie und 
Erdmagnetismus. No. 12. Wetterprognosen und Wetterberichte des XV. und XVI. 
Jahrhunderts. Facsimiledruck mit einer Einleitung. 4" (1899). 

Lardneu, D. — Handbook of Natural Philosophy. Hydrostatics, Pneumatics, and 
Heat. 8° (1855). 

Leslie, Jameson, and Murray, H. — Narrative of Discovery and Adventure in the 
Polar Seas and Regions, with illustrations of their climate, geology, and natural 
history, and an account of the whale fishery. 8' (1830). 

London, Rivers Pollution Commission (1868). — Sixth Report of the Com- 
missioners apjwinted in 1868 to inquire into the best means of preventing the pollution 
of rivers. Domestic Water Supply of Great Britain. Presented to both Houses of Parlia- 
ment by command of Her Majesty. F** (1874). 

London, Society of Arts. — Transactions, 1846-47, part i. 4** (1847). 
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M'L, J.— Summer and Winter Yachting in the Meteor and Hebe, 1872-73. 8' 
(Privately Printed.) 

M'NicoLL, £. D. — Handbook for Southport, Medical and General, with copious 
notices of the natural history of the district. 3rd ed. 8* (1883). 

MuDiB, R. — The World, familiarly, but philosophically described ; being a com- 
panion to Gilbert's illustrated Map of the World. 8" (1840). 

Saboeaunt, R. a.— Notes on the Climate of the Earth, past and present 8* 
(1876). 

Stabbl, E.— The Mineral Waters of Ereuznach (1888). 

Rhind, W. — Studies in Natural History, exhibiting a popular view of the most 
striking and interesting objects of the Material World. 2nd ed. (1838.) 

Veraouth, C. — The Baths of St Moritz, Upper Engadine, Switzerland. 8' 
(1890). 

Year- Book of the Scientific and Learned Societies of Great Britain and 
Ireland, 1899. 8** (1899). 

ZoiNLiN, R. M. — Recreations in Physical Geography ; or, the Earth as it is. 8'' 
(1840). 

APPENDIX V. 

DONATIONS RECEIVED DURING THE YEAR 1899. 

Books and Pamphlets. 

Presented by Societies^ Institutions, etc. 

Adelaide, Marine Board of South Australia. — Information as to the Principal 
Ports of South Australia, 1899. 

Adelaide, Observatory. — Meteorologioal Observations made at Adelaide Obser- 
vatory and other places in South Australia and the Northern Territory, 1895 and 
1896. 

Aix-la-Chapelle, Meteorologische Station. — Die Niederschlagsverhaltnisse 
der Rheinprovinz. — Die Stromungen der Luft in den barometrischen Minima und 
Maxima, von P. Polis. — Die Stromungen der Luft in den Cyclonen und Anticyclonen, 
von P. Polis. — Die Temperaturverhaltnisse von Aachen, von P. Polis. — Ergebnisse der 
meteorologischen Stationen I. Ordnung, Aachen und deren Nebenstation im Jahre 
1898.— Uebersieht der Witterung des Monats Feb. -March 1899. 

Allahabad, Mbteorolooical Office.— Annual Statement of Rainfall in the North- 
West Provinces and Oudh, 1898. 

Athens, Observatoire National. — Annales, tome i. 

Bangalore, Central Observatory. — Meteorology in Mysore, 1898.— Report on 
the Rainfall Registration in Mysore, 1897 and 1898. 

Barbados, Colonial Secretary's Office. — Returns of Rainfall in Barbados, 1899. 

Batavia, Maonetical and Meteorological Observatory. — Observations, vol. 
xz., 1897.— Rainfall in the East Indian Archipelago, 1897. 

Berlin, Deutsche meteorologische Gesellschaft. — Meteorologische Zeitschrift, 
Dec. 1898 to Nov. 1899. 

Berlin, Gesellschaft fur Erdkunde. — Verhandlungen, Band xxv. No. 10 to 
Band xxvi. No. 9. — Zeitschrift, Band xxxiiL No. 5 to Band xxxiv. No. 4. 

Berlin, Koniolich-Preussisches meteorologisohbs Institdt.— Bericht Uber die 
Thatigkeit des Koniglich-Preussischen meteorologischen Instituts im Jahre 1898. — 
Eraebnisse der Beobachtungen an den Stationen II. und III. Ordnung, 1894, Heft 3 ; 
1898, Heft 1 and 2. — Ergebnisse der magnetischen Beobachtungen in Potsdam, 1897 
and 1898. — Eraebnisse der meteorologischen Beobachtungen in Potsdam, 1897. 

Bidston, Liverpool Observatory. — Report of the Director, 1898. 

Bombay, Government Observatory. — Magneticaland Meteorological Observations, 
1897. 

Bombay, Meteorological Office.— Brief Sketch of the Meteorology of the Bombay 
Presidency, 1898-99. 

Bremen, Meteorologische Station. — Ergebnisse der meteorologischen Beobach- 
tungen, 1898. 

Brisbane, General Register Office.— Annual Report on the Vital Statistics of 
Queensland, 1898.— Report on ViUl SUtistics, Oct. 1898 to Sept 1899. 

Brisbane, Royal Geographical Society of Australasia (Queensland Branch). 
—Proceedings and Transactions, 1897-98 and 1898-99. 

Brisbane, Weather Bureau. — Meteorology of Australia ; Kosciusko and Merim- 
bula Meteorogram, Jan. 1898. 

Brussels, AcadAmie Royale de Beloique.— Annuaire, 1898 and 1899.— Bulletins, 

R 
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8rd s^rie, tome xxxiv to xxxvi. — ^Tables G^m^rales da Recueil des Btdletios, 3rd serie, 
tome i. to xxx. 

Brussels, Obskrvatoire Royale de Beloique. — Annalea, Obserrations m^t^ro- 
logiques d'Ucclc, July 1S97 to May 1898; Sent, and Oct 1898.— Anuuaire, 1899. 
— Bulletin Mensuel du Magn^tisme Terrestre, Jan. to July 1899. — Bulletin M^t^oro- 
logiuue, Dec. 1898. 

Bucharest, Institut m£t£orolooiqur de Roumanie. — Annales, tome xiii., 1897. 
— Buletinul Observatiunilor Meteorologice din Romania, 1898. — Climatologie du littoral 
Roumain de la mcf noir, par C. Hepites. — Elements magn^tiques de Bucharest. — 
Repartitiunea ploaiei pe districte si pe Basinuri in Rom&nia, Anul 1 897. 

Budapest, Koniql.-Uno. Central - A nstalt fOr Meteorolooie und Erd- 
MAGNETisMUS. — Beobachtungen angestellt am astrophysikalisoben und meteoro- 
logischen Obscrvatoriuni in 0-Gyalla, Bander xix.-xxi.— Jahrbuch, 1897, Theile i. und 
iii. ; 1898, Theil ii. 

Buxton, Devonshire Hospital. — Annual Report, 1898. 

Cairo, Soci^A KhAdivialr de Geooraphib.— Bulletin, Vme aerie, Nos. 2 and 8. 

Calcutta, Meteorological Department of the Government of India. — Daily 
Weather Charts of the Indian Monsoon Area, July 1, 1898 to May 31, 1899.— Indian 
Daily Weather Re|)orts, Dec. 1, 1898 to Nov. 30, 1899.— Indian Meteorological Memoirs, 
vol. vi. parts 4 and 6 ; vol. x. parts 2, 8, and 4.— Memorandum on the Snowfall in the 
mountain -districts bordering Northern India, etc., 1899. — Monthly Weather Review, 
Aug. 1898 to Apr. 1899.— fiainfall DaU of India, 1897. — Report on the Administra- 
tion of the Meteorological Department, 1898-99. 

Calcutta, St. Xavier's College Observatory.— Meteorological Register, July 
1898 to June 1899. 

Cambridge (Mass., U.S.), Astronomical Observatory of Harvard College. — 
Annals, vol. xxxix. part 1, Peruvian Meteorology, 1888-90. 

Cambridge (Mass., U.S.), Blue Hill Meteorological Observatory. — Bulletin, 
1899, Nos. 1-3. 

Cape Town, Meteorological Commission. — Report, 1898. 

Cape Town, South African Philosophical Society. — Transactions, vol. x. 
parts 2 and 4. 

Cardiff, Astronomical Society of Wales. —Cambrian Natural Observer, vol. ii. 
Nos. 1-8. 

Carlsruhe, Centralbureau Fi^R Meteorolooie und Hydrographie im 
Grossherzogthum Baden. — Die Ergebnisse der meteorologischen Beobachtungen, 
1898. — Niederschlagsbcobachtungen der meteorologischen Stationen im Grossherzog- 
thum Baden, 1898, part 2. 

Chemnitz, KoNioL.-SACHsiscHFij meteorologisches Institut. — Jahrbuch, 1896, 
Abth. iii. ; 1897, Abth. i. and ii. 

Christiania, Norske Meteorologiske Institut.— Jahrbuch, 1898. — Klima 
Tabeller for Norge V-XII., af H. Mohn.* — Nedboriagttagelser i Norge, Aargang 
I.-IIL, 1895 Juli eni 1897 Dec — Oversigt over Luftens Temperatur ogNedbonlen i Norge, 
1898. 

Christiania, Norwegian North Atlantic Expedition, 1876-78.— XXV. Zoologi. 
Thalamophora. — XXVI. Zoologi. Hydroida. 

Copenhagen, Danske Meteorologiske Institut. — Annnaire m^t^rologique, 
1894 and 1896.— Bulletin m^teorologique du Nord, Dec. 1898 to Nov. 1899. — Meteoro- 
logisk Aarbog, 1895, part 2 ; 1897, part 1. — Meteorologiske Middeltal og Extremer for 
Faeroema, Island og Gronlaud. — Observations m^t^rologiques-nautiques, 1897 •And 
1898. 

Cordoba, Academia Nacional de Ciencias. — Boletin, tomo xvi. entrega 1. 

Costa Rica, Instituto Fisico-Geografico Nacional.— Annales, tome viL, 1894. 
— Informe sobre los Trabajos practicadas en el Instituto Fisico-Geografico Nacional 
durante el ano 1896-97 ; 1897-98. 

Cracow, K. K. Sternwarte. — Meteorologische Beobachtungen, Nov. 1898 to Sept. 
1899. 

Croydon, Microscopical and Natural History Club. — Daily Rainfall in the 
Croydon District, Dec. 1898 to Oct. 1899. — Report of the Meteorological Sub- 
committee, 1898. 

Dublin, General Register Office. — Weekly Returns of Births and Deaths, 
1899. 

Dublin, Royal Irish Academy. — IH-oceedings, Third Series, vol. v. Nos. 2 and 
8. — Transactions, vol. xxxi. part 7. 

Dublin, Royal Society. — Proceedings, vol. viii. part 6. — Transactions, vol. vi. 
parts 14-16, and vol. vii. |)art 1. 

DuRANGO (Mexico), Observatorio Meteorolooico del Seminario Conciliar.— 
Boletin Mensual, Jan. to Oct 1899. 
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Edinbukgh, General Register Office.— Quarterly Returns of the Births, 
Marriages, and Deaths registered in Scotland, Dec. 31, 1898 to Sept. 30, 1899. 

Edinburgh, Royal Scottish Geographical Society.— Scottish Geographical 
Magazine, 1899. 

Edinburgh, Scottish Meteorological Society. — Quarterly Returns of Births, 
Deaths, and Marriages, Scotland, for the quarters ending Sept. 30, 1859 ; Sept 30, 
1860 ; and Supplements for 1880 and 1881. 

FiUME, I. R., Accademia di Marina.— Meteorological Observations, Nov. 1898 to 
Sept. 1899. • • 

Geneva, Sociifrrfi de GfeooRAPHiE. — Le Globe, tome xxxvii. No. 12. 

Glasgow, Philosophical Society. — Proceedings, 1898-99. 

Greenwich, Royal Observatory.— Magnetical and Meteorological Observations, 
1896. — Report of the Astronomer- Royal to the Board of Visitors, June 8, 1899. 

Guatemala, Instituto Nacional de Guatemala. — Resumen general de las 
Observaciones meteorol6gicas desde el alio de 1857 hasta en afio de 1898. 

Guatemala, Laboratorio Quimico Central. — Observaciones meteorol6gicas, 
1898. 

Halifax, Nova Scotia, Nova Scotian Institute of Science. — Proceedings and 
Transactions, vol. ix. part 4. 

Hamburg, Deutsche Sbew a rtb.—Aus dera Archiv, 1898.— Deutsche Ueberseeische 
meteorologische Beobachtungen, Heft VII I. — Ergebnisse der meteorologischen Beobach- 
tungen an 10 Stationen II. Ordnung und an 48 Signalstellen, sowie stiindliche Aufzeich- 
nungen an 4 normal Beobachtungens- stationen, 1897. — Jahresbericht iiber die 
Thatigkeit der Deutsche Seewarte, 1898.— Wetterbericht, 1899. 

Hong-Kong, Observatory.— -China Coast Meteorological Register, 1898. — Extract 
of Meteorological Observations, Nov. 1898 to Oct. 1899. — Observations and Researches, 
1898. 

Innsbruck, Universitat. — Beobachtungen des meteorologischen Observatoriums, 
1898. 

Jamaica, Government Meteorologist. — Jamaica Rainfall, 1898. — Meteorological 
Results, 1898.— Weather Report, Oct 1898 to Oct. 1899. 

Jersey, Observatoire St. Louis. — Bulletin des Observations met^orologiques, 
1898. 

JuRJEW (Dorpat), Mbteoroloqisches Observatorium der kaiserlichen 
Universitat. — Meteorologische Beobachtungen, Apr. to July 1896, Oct. to Dec. 1898. 

Kazan, Orservatoire magn^ique de l'UniversitA imp^riale. — Observations, 
July 1897 to Dec. 1898. 

KEW, Observatory. — Experiments on Aneroid Barometers at Eew Observatory, 
and their Discussion. — Report of the Kew Committee, 1898. 

Kiew, Meteorological Service of the Dnieper. — Information relating to the 
Condition of the Beetroot Plantation in connection with the Weather, Apr. 1 to Oct. 
15, 1898. 

Kiew, Observatoire M^t^orolgique de L'lJNiVERsiTift. — Meteorological and 
Rural Economical Bulletin of the Kieff Meteorological Observatory, Ann^e ii. Nos. 10- 
12; Ann^e iii. Nos. 1-12. ; and Ann^e iv. Nos. 1 to 4. — Observations, Jan. 1896 to 
June 1897. 

Leon, Observatorio Meteorolooico. — Boletin Mensuale, Nov. 1898 to Sept. 1899. 

Lisbon, Observatorio do Infante D. Luiz. — Boletin Meteorologico, Jan. 1899, 

Lisbon, Sociedad de Grooraphia. — Boletin, 16a serie, Nos. 10 to 12. 

London, Aeronautical Society. — Aeronautical Journal, vol. iii. No. 10. 

London, British Association.- Report, 1898. — Committee on the Climate of 
Tropical Africa, Seventh Report 

London, British Balneological and Climatological Society. — The Journal of 
Balneology and Climatology, voL iii., 1899. 

London, British South Africa Company. — Reports on the Administration of 
Rhodesia, 1897-98. 

London, Camera Club.— Journal, 1899. 

London, General Register Office. — Quarterly Returns of Marriages, Births, and 
Deaths for the year ending Sept. 30, 1899. — Weekly Returns of Births and Deaths, 
1899. 

London, Geological Society. — Quarterly Journal, vol. Iv., 1899. 

London, Institution of Civil Engineers. — Minutes of Proceedings, vol. cxxxv., 
1898-99, part I 

London, Institution of Electrical Engineers. — Journal, Nos. 137-141. 

London, Institution of Junior Engineers. — Record of Transactions, 1897-98. 

London, Meteoeolooioal Office. — Daily Weather Report, 1899. — Weekly 
Weather Reports, 1899. — Accessions to Library during the years ending March 31, 
1895 and 1896. — Report of the Meteorological Council for the year ending March 81, 



224 REPORT OF THE COUNCIL— APPENDIX V 

1898. — Meteorological Charts of the Southern Ocean between the Cape of Good Hope 
and New Zealand. — Meteorological Observations at Stations of the Second Order, 1896. 
— Hourly Means from the five Observatories under the Meteorological Council, 1895. — 
Bulletin-quotidien de I'Alg^rie, Jan. to June and Aug. to Nov. 1899. — Annual Report 
Royal Cornwall Polytechnic Society, 1898. — Annual Meteorological Report, Straits 
Settlements, 1898.— Climate of Cuba, by W. F. R. Phillips.— Clock-rates and Baro- 
metric Pressure as illustrated by the Mean-Time Clock and Three Chronometers at Mare 
Island Observatory, by K Hayden. — Commissi Geographica e Geoloeica de Sao P&uli, 
Seccas Meteorol6gica^T)ado8 Climatologuos, 1893-96. — Comparative Rainfall, Colony of 
the Gambia. —Colony of Lagos, General Abstract of Registration, 1890. — Die Meteoro- 
logie der Sonne und das Wetter in Jahre 1889 zugleich Wetterprognose fUr das Jabr 
1899, von Prof. K. W. Zenker.— Die Temperaturverhiiltnisse von Berlin, von R. Bomstein 
imd £. Lees. — Die Vertikalbewegungen eines Freiballons, von H. HergeselL — Ex^b- 
nisse siebei^'ahriger Niederschlags • Registrierungen in Basel, von A. Riggenbach.-- 
Ein Verfahren zur harmonischen Analyse eramagnetischer Beobachtungen nach 
einheitlichem Plane, von A. Nippoldt — Informe Sobre los trabjos praoticMlos en el 
Instituto Fisico-Geogrdphico Nacional de Costa Rica durante el afio 1895-96, 1896-97. — 
Magnetische Declinationsbeobachtungen m Klagenfurt, Sept. 1898 to Aug. 1899. — 
Minerva. Jahrbueh der gelehrten Welt, 1896-97. — Notes on Malaria in connection with 
Meteorological Conditions at Sierra Leone, by Sui|^.-Maj. E. M. Wilson. — Osservazioni 
di Temperatura e del Calore delle Acque, di A. Kiccd e di G. Say a. — Osservazioni 
Meteorologiche orarie simultanee. Nota A. Ricod e di G. Saya. — Report of the Regis- 
trar-General, Bermuda, 1898. — Return of Rainfall in Ceylon, 1898, and means during 
different periods. — Wolkenhohenmessungen, von £. Kayser. 

London, Physical Society.— Proceedings, Nos. 91 and 94. 

London, Royal Aoricitltural Socibty. — Journal, third series, vol. ix. part 4. 

London, Royal Astronomical Society.— Monthly Notices, 1899.— Memoirs, vols, 
lii. and liii. 

London, Royal Botanic Socieit.— Quarterly Record, March 1899. 

London, Royal Geographical Socieit. — Geographical Journal, 1899. 

London, Royal Institution. — Proceedings, vol. xv. part 3. 

London, Royal Society.— Proceedings, Nos. 406 to 421. 

London, Royal Statistical Society. — Quarterly Journal, Dec 1898 to Sept. 1899. 

London, Sanitary Institute.- Journal, vol. xix. No. 4 to vol. xx. No. 8. 

London, Society of Arts. — Journal, 1899. 

Madrid, Instituto Central Meteorol66Ico. — Boletin, Jan. 1 to Oct. 15, 1899. 

Madrid, Observatorio. — Observaciones meteorol6gicas, 1896-97. — Resumen de la 
observaciones meteorol6gicas efectuadas en la Peninsula y algunas de sus Islas adyacentes, 
1895-96. 

Madrid, Sociedad Geographica.— Boletin, tomo xl.No. 7 totomoxli.No. 8. — Revista 
de geogratia colonial y mercantil publicada por la seoci6n de geografia comercial. 
Actas de la sesiones celebradas por la sociedad por la junta directiva y ih^t les seooiones, 
Nos. 16 to 23. 

Magdeburg, Wetferwarte der Magdeburgischen Zeitdno.— Jahrbueh, 1897. 

Manchester, Literary and Philosophical Society. — Memoirs and Proceedings, 
vol. xliii. parts 1 to 4. 

Manila, Observatorio Mrteorol6gico. — Boletin Mensuale, Sept 1897 to March 
1898. — La Erupcion del Yolcan May on en los dias 25 y 26 de Junio de 1897. — Las Nubes 
en el Archipielago Filipino. 

Marlborough College Natural History Society. — Annual Report, 1898. 

Marseilles, Commission de M£t£orologie du D^partement dbs Bouohks-du- 
Rh6ne.— Bulletin Annuel, 1897 and 1898. 

Mauritius, Observatory. — Mauritius Magnetical Reductions, 1896. 

Melbourne, Observatory. — Record of Results of Observations in Meteorology, 
Terrestrial Magnetism, etc., July 1897 to June 1898. 

Merzifun (Asia Minor), Anatolia College. — Meteorological Records, 1898. 

Mexico, Observatorio Meteorol6gico-Magn4tico Central.— Boletin Mensual, 
Sept 1898 to June 1899.— Red. Meteorol<Sgioa del Estado de Mexico. 

Mexico, Sociedad Cientifica "Antonio ALZATE."—Memoriasy Revista, tomo xi. 
No. 9 to tomo xii. No. 10. 

Milan, R. Osservatorio Astronomico di Brera.— Osservazioni meteorologiche, 
1898. 

Montevideo, Observatorio Metrorol6gico del Colegio Pfo de Villa Col6n. — 
Boletin Mensual, Anno x. Nos. 7 to 12 ; Anno xi. No. 8. 

Moscow, ObSERVATOIRE M^TliOROLOGIQDE DE lTnIVERSITA ImP^RIALE DE 

Moscow.— Observations, July 1896 to Nov. 1898. 

Moscow, Soci^d Impi^riale des Naturalistes. — Bulletin, 1898, Nos. 2-4. 
Munich, K.-B. meteorolooischb Central-Station. — Beobachtungen der roeteoro- 
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logisclien Stationen im Kon. Hayem, Jahrgang xix. Heft 4 ; Jahrgang xx. Heft 1-3 ; 
Jahrgang zxL Heft 1. — Uebersicht iiber die Witterungsverh^tnisse im Kon. Bayern, 
Nov. 1898 to Oct. 1899. 

Mysore, Goyirnment Meteorological Department.— Report on the Rainfall 
Registration in Mysore, 1897. 

Natal, Orservatory. — Report of the Government Astronomer, 1898. 

New York, Academy of Sciences.— Annals, vol. xi. parts 2 and 3 ; voL xii. part 1. 

New York, Central Park Observatory.— Abstracts of Registers from Self- 
recording Instruments, Nov. 1898 to Oct. 1899. 

Odessa, Observatoire Maon^ique et M^t^orolooique. — Vie Physique denotre 
Planite devant les lumi^res de la Science Contemporaine, par A. Klossovsky. 

0-Gyalla (Hungary), Meteorolooisches magnetisches Central -Observa- 
TORiUM.— Beobachtungen, Dec. 1898 to Oct. 1899. 

O^A (Spain), Coleoio Maximo de la Compai^iade Jesus. — Observaciones Meteoro- 
16gicas, 1897 and 1898. 

Paris, Bureau Central Mi^t^rologiqub de France.— Bulletin International, 
1899.— Bulletin Mensuel, Nov. 1898 to Oct. 1899. 

Paris, Observatoire Municipal de Montsouris.- Annuaire, 1898. 

Paris, Socij^^ M£t£orologique de France. — Annuaire, April 1898 to June 1899. 

Perth (Western Australia), Observatory. — Meteorological Observations made 
at the Perth Observatory and other places in Western Australia during the years 1897 
and 1898. 

Philadelphia, American Philosophical Society. — Proceedings, Nos. 158 and 
159. 

PoLA, K.-K. Hydrographisches Amt. — Meteorologische Termin • Beobachtungen 
in Pola und Sebenico, Nov. 1898 to Oct. 1899. — Jahrbuch der meteorologischen und 
erdmagnetisohen Beobachtungen, Gruppe iii Heft 2, Gruppe iv. Heft 2. — Jahrbuch, 
1898. 

Prague, K.-K. Sternwarte. — Magnetische und meteorologische Beobachtungen, 
1898. 

Puebla. — Boletin de Estadistica del Estado de Puebla, ii Epoca, No. 6. 

Rio DE Janeiro, Commissao Geographica e Geologica. — ^Boletim, No. 5. 

Rio de Janeiro, Mjnisterio da Marinha.— Boletim Semestral, Nos. 2 and 8. 

Rio de Janeiro, Observatorio. — Annuario, 1899. 

Rock Island (III., U.S. A.), August ana College.— The Mechanical Composition of 
Wind Deposits. 

Rome, SocietA Sismologica Italiano. — Bollettino, vol. iv. Nos. 5 to 9 ; vol, v. 
Nos. 1 to 4. 

Rome, Ufficio Centrale di Mbteorolooica e di Geodinamica. — Revista 
Meteorica-Agraria, vol. xix. No. 35 to vol. xx. No. 34. — Annali, serie seconda, vol. xvi. 
part 2 ; vol. xvii. parts 1 and 2 ; voL xviii. part 2. 

St. Petersburg, Physikalisches Centra l-Observatorium. — Annalen, 1897. — 
Cyclone Tracks in European Russia, by P. Rybkin [in Russian]. — New Evaporation 
Gauge for Observations on Evaporation from Grass, and the First Observations there- 
with at the Constantine Observatory in 1896, by M. Rykatcheff. — On the Prediction of 
Lowest Night Temperatures, bv N. Eorosteleff [in Russian]. — On the Relation be- 
tween the Amount of Cloud and the Duration of Sunshine, by J. Figourovsky. — Pre- 
diction of Weather for Different Places from the'Point of View of Synoptic Meteorology, 
by S. D. Griboyedeff [in Russian]. — Report of the Central Physical Ooservatoir, 1897, 
by M. Rykatcheff [in Russian]. — Results of Meteorological Observations at the Stations 
of the Central Physical Observatory at the time of the Solar Eclipse, Aug. 9, 1896, by 
J. Shnkevick. — Thunderstorms in European Russia and in the Caucasus, by N. Komon. 

Salonica, Gymnass Bulgare DBS Gar^ons " St. Cyrille et Method."- Bulletin 
Annuaire, 1898. 

Saltillo (Mexico), Observatorio Meteorol6gico del Colegio de San Juan 
Nepomuceno. — Boletin Mensual, tomo iii. No. 1. 

San Fernando, Instituto y Observatorio di Marina.— Annales, 8ecoi6n 2a, 
Observaciones meteorol6gicas y magn^ticas, 1897-98. 

San Paulo, Commissao Geographica e Geologica.— Seo9So meteorol6gica. Dados 
Glimatol<Sgico8, 1897. 

Santiago di Chile, Observatorio Astronomico.— Annuario, tomo primero. 

Scarborough, Town Council.— Report of the Scarborough Observatorjr, 1898. 

Sophia (Bulgaria), Station Centrale M^^rologiqus.— Bulletin Mensuel, 
Nov. 1898 to Oct 1899. 

Sta. Lucia, Botanic Gardens. — Synopis of Meteorological Observations. 

Stockholm, Acad^mie Royale des Sciences de SukDE. — lltudes sur diverses 
m^thodes servant k calculer la moyenne diume de la temperature, par R. Rubenson. — 
La Preuion Atmosph^rique moyen en Su^de, 1860-95, par H. E. Hamberg.— Ueber die 
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Nabzen 26-tagige Periode der Polarlichter und Gewitter, von N. Ekkolm und 8. 
Arrhenius. — Ueber den Einfluss des Mondes auf die Polarlichter und Cewitter, von N. 
Ekholm und S. Arrhenius. 

Stockholm, Mkteokolooihka Central- Anstaltrn. — M&nadsbfversigt af Vader- 
leken i Sverige, Nov. 1898 to Oct. 1899.— Meteorologiska lakttagelser i Sverige, 1893. 

Stonyhurst, Collrob OBaRRVATORT. — Results of Meteoroiogioal and Magnetical 
Observations, 1898. 

StRASBURO, MeTEOROLOGISCHES LaNDESDIRKSTS in ElHAAS • L(JTHRINOBK. — 

Ergebnisse des Meteorologischen Beobachtungen im Jahre 1896. 

Sydney, Obseuvatory. — Meteorological Observations, 1897. — Results of Rain, 
River, and Evaporation Observations in New South Wales, 1897. — Weather Charts, 
1898. 

Sydney, Royal Society of New South Wales. — Journal and Proceedings, vol. 
xzzii. 

Tacubaya, Observatorio Astron6mico Nacional. — Observaciones Meteorol<%i- 
cas, 1895. 

ToKio, Central Meteorological Observatory.— Annual Report, 1897, part L 

ToKio, Imperial University.— Calendar, 1897-98. 

Toronto, Meteorological Office.— Monthly Weather Review, Oct. 1898 to Sept. 
1899. — Keport of the Meteorological Service of Canada, 1896. — Toronto General 
Meteorological Register, 1898. 

Trieste, I. R. Observatorio Astronomico Meteorolooico.— Osservazioni meteoro- 
logiche, Oct. 1898 to July 1899.— Rapporto annuale, 1896. 

Trinidad, Royal Botanic P.ahdens. — Meteorological Return. 

Turin, Osservatorio Central del R. C. Carlo. — Annuario Storico-meteorologico 
Italiano, 1898. 

Turin, Osservatouio della R. Universita. — EfTemeridi del Sole e della Luna 

Ser I'orrizonte di Torino e per Tanno 1899. — Notize sui lavori della Commissione eletta 
al Club Alpino per lo studio dei Ghiacciai Italiani. — Sulla eclisse totale di Luna del 
27mo Dicembre 1 898. 

TuKiN, R. Osservatouio Astronomico. — Osservazioni meteorologiche, 1897-98. 

Turin, SocietA Metkorologica Italiana. — BoUettino Mensuale publicata percura 
deir osservatorio centrale del Real Collegio Carlo Alberto, vol. xviii. No. 9 to vol. xix. 
No. 7. 

Upsala, Observatoire M]^/rl^.OROLOGiQUE DE l'UniversitA. — Bulletin Mensuel, 
1898. — fttudes intematiouales des Nuages, 1896-97. — Observations et mesures de la 
Sui&de, iii. 

Utrecht, K.-Nedkrlandsch meteorologische Institut. — Ouweders in Neder- 
land, 1898. 

Vienna, K.-K. Ckntralanstalt fCr Mrteorologie und Rrdmagnetismus. — 
Beobachtungen, Oct. 1898 to July 1899.— Bericht des Sonnblick-Vereines, 1898.— Jahr- 
buch, 1895, 1896, and 1898. Theil i. 

Vienna, K.-K. uydrographischen Central-Bureau. — Jahrbuch, 1897. 

Vienna, Oesterrkichische Gesellschaft fCr Meteorologie. — Meteorologische 
Zeitschrift, Dec. 1898 to Nov. 1899. 

Vizioapatam, G. V. JuGGA Row Observatory. — Notes on the Meteorology of Viza- 
gapatam, by W. A. Bion : part i.. Rainfall ; part ii.. Report, 1897. 

Washington, Geological Survey.— Report, 1896-97, parts 1-5 ; 1897-98, parts 1, 
4, and 6 continued. — Mineral Products of the United States, 1888-97. 

Washington, Hydrographic Office, — Pilot Chart of the North Atlantic Ocean, 
1899.— Pilot Chart of the North Pacific Ocean, Jan. to April and June to Dec. 1899. 

Washington, Smithsonian Institution. — Excerpt Papers from the Smithsonian 
Report, 1896, Nos. 1096-1100, 1102, and 1106.— Explorations of the Upper Atmosphere. 
— Letters from the Andr^e Party. — On Soaring Flights, by K C. Huffaker.— Story of 
Experiments in Mechanical Flight, by S. P. Langley. 

Washington, U.S. Naval Observatory. — Report of the Superintendent for the 
year ending June 30, 1898. 

Washington, Weather Bureau. — Lightning and the Electricity of the Air. — 
Monthly Weather Review, Sept 1898 to Sept. 1899. — Proceedings of the Convention of 
Weather Bureau Officials held at Omaha, Nebr., Oct 18-14, 1898. — Report of the 
Chief, 1897-98. 

Watford, Hertfordshire Natural History Society. —Transactions, vol. x. 
Nos. 2-4. 

Wellington College, Natural History Society.— Report, 1898. 

Wellington (N.Z.), General Register Office. —Official Year-Book, 1898-99. — 
Statistics of the Colony of New Zealand, 1897. 

Yale (U.S.), University Observatory.— Report, 1898-99. 
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Zi-KA-WEi, Obseryatoi&e Maonj^tique bt M^t^orologique. — Bulletin Mensuel, 
1896. — La Navigation k Vapeur sur le Haut Yang- tse, par P. S. Chevalier, S.J. 

ZURICH, SCHWEIZERISCHEN METEOROLOOISCHEN CENTRAL - ANSTALT. — Annalcn, 

1896. 

Presented by Individuals. 

Aburrow, C. — Annual Report relating to the Public Works Department of the 
Stadsraad, Johannesburg, S.A.K. — Meteorological Observations taken at Joubert's Park, 
Johannesburg, S. Africa, Nov. 1898 to Au^. 1899 (MS.). 

AoAMENNONE, G. — Sopra un sistema di doppia registrazione negli strumenti sismici. 

Baracchi, p. — Cloud Observations in Victoria. 

Baxendell, J.— Meteorological Observations at Southport, Dec. 31, 1898 to Dec. 16, 
1899.— Results of Observations at the Femley Obser\'atory, Southport, 1898.— The 
Weather of 1898 : Main features of the months at Southport 

Berber, Dr. J. van. — Wissenschaftliche Grundlage einer Wettervorhersage auf 
mehrere Tage voraus. 

Bell, Major. — Charts from a Richard Barograph at Yewhurst, East Grinstead, 
1898. 

Bentley, B.— a Quarter of a Century's Rainfall at Upton (Bucks), 1874-99. 

Black, Dr. W. G. — Summer Meteorology — Sea-side, with Diagrams. 

BoFFiTO, Padre G.— Un Porta della Meteorologia. 

Brown, A., and Boobbter, Dr. P.— The Meteorology of Nottingham, 1898. 

Brown, W. P.— The Climbers' Club Journal, vol. irNo. 3. 

Callendar, H. L., and M'Leod, C. — Observations of Soil Temperatures with 
Electrical Resistance Thermometers. — Preliminary Results of Observations of Soil 
Temperatures with Electrical Resistance Thermometers. 

Chandler, A. — Meteorological Report, Borough of Torquay, 1898. — Seventeenth 
Report (Third Series) of the Committee on the Climate of Devon. — The Average of Tem- 
perature, Rainfall, and Sunshine of Devon. 

Chapman, Dr. T. A. — Lepidopterawith a General Inland Distribution in Europe, but 
confined to Coast Habitats in England. 

Clayton, H. H. — Investigations on Periodicity in the Weather. 

Clifford, H.— Annual Report of the State of Pahang, 1898. 

Colborne, Dr. H. — Annual Report of the Meteorological Observations for the year 
1898 at Hastings. 

Cooke, R. — Return of Rainfall for 1898 at Detling, Maidstone. 

Coventry, F. (the late). — Diagram of Readings of the Barometer and Theimometer 
at Duddington, Stamford, Jan. to Nov. 1899 (MS.). 

CoXEN, Mrs. — Records of Meteorological Observations at Bulimba, Queensland, July 
1898 to June 1899 (MS.). 

Cresswell, a. — Records of Meteorological Observations taken at the Observatory of 
the Birmingham and Midland Institute, 1898. 

Decheyrbns, p. M.— Les variations de la temperature de I'air dans les tourbillons 
atmosph^riques et leur veritable cause. 

Dixon, C. — Results of Meteorological Observations taken at Holland House, Middle- 
sex, Dec. 1898 to Nov. 1899 (MS.). 

Doyle, P.— Indian Engineering, 1899. 

Eaton, H. S.— Returns of Rainfall, etc., in Dorset, 1898. 

Editor,— Ciel et Terre, 1899. 

Editor.— Electrical Review, 1899. 

Editor. — Home Counties Magazine, vol. i. No. 1 to vol. ii. No. 1. 

Editor.— Nature, 1899. 

Editor.— Travel, Jan. 1899. 

Editors.- Observatory, 1899. 

Fowler, T. W. — A (jontribution to Australian Oceanography. — Determination of 
Latitude by Observations in the Prime Vertical.— Observations with Aneroid and Mer- 
curial Barometers and Boiling-point Thermometers.- Observed Variations in the Dip of 
the Horizon.— The Determination of Heights by Barometric Methods. 

Fox, W. L,— Meteorological and Magnetical Tables at Falmouth, 1898. 

Gautier, B.— R^ura^ M^t^orologique pour Genfevo et le Grand St-Bemard, 1897-98. 

GiNN k Co.— Practical Exercises in Elementary Meteorology, by R. de C. Ward. 

Clyde, E. E.— Meteorological Observations at Whitchurch, Tavistock, Nov. 1898 
to Oct. 1899. 

Greenwood, W. N.— Greenwood's Kludonometric Tide Tables, 1899. 

Hambero, H. E.— Om Skogames inflytande p& Sveriges Klimat. 

Hardwick, Dr. A.— Annual Report of the Medical Officer of Health, and Meteoro- 
logical Report, Newquay, 1898. 
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Harris, Dr. S. — A Guide to Guimar Hospital for Tuberculosis, with an Appendix 
on Teneriffe and Grand Canary. 

Haworth, Dr. F. G.— Report of the Medical Officer of Health for Darwen, 1898. 

Hazen, H. a. — Forests and KainfalL — Meteoroloffic Waves. — Some Consideration aa 
to the Mechanism of Hishs and Lows. — The Distribution of Moisture in the United 
States. — The Moon and the Aurora. 

Hellmann, Dr. G. — Regenkarte der Provinz Schlwien. 

Hey WOOD, H. — Meteorological Observations in the Cardiff Naturalists' Society's Dis- 
trict, 1898. 

HiLDEBRANDSSON, Dr. H. H. — Quclqucs recherches snr les centres d'action de 
I'atmosph^re. II. La Plnie. 

Hill, G. H. — Returns of the Rainfall in the Glasgow, Manchester, Ashton, Dews- 
bury, Stockport, Halifax, Blackburn, Holme Reserroirs, Oldham and Batley Water- 
works Distncts, 1898. 

HoPKiNSON, J. — Report on the Rainfall in Hertfordshire, 1898.— Meteorological 
Obsenrations taken in Hertfordshire, 1898. — The Chadwell Spring and the HertfordSiire 
Bourne. 

Hunter, J.— Meteorological Observations at Belper, 1899. 

Kelly, Dr. C. — Weather Report for Worthing for the month and for the half-year 
ending Dec 31, 1898.— Weather Report for Worthing, Jan. to Oct 1899. 

Lbckt, J.— MS. Observations taken by the late Mr.Lecky, May 1799 to May 1804. 

M*Land8B0 ROUGH, J.— The Meteorolofl;y of Bradford, 1898. 

^ACLBAR, Vice- Admiral J. P. — Etudes sur les mouvements de I'air, par Lartigue. 
— Etudes sur Torigine des courants d'air principaux, par Larti^e. — Figures to denote 
the Force of tne Wind. — Geometrical Investigations concemmg the Phenomena of 
Terrestrial Magnetism, by T. S. Davies. — Hygrometrical Tables adapted to the use of 
the Dry and Wet Bulb Thermometers, by J. Glaisher (3rd ed.). — Letters to denote the 
State of the Weather. — Mean Temperature of the Day, and Monthly Fall of Rain, at 127 
Stations under the Bengal Presidency, from Official Registers kept by Medical Officers for 
the year 1861, by W. H. Sykes. — Memoirs (4 to 14) with reference to the Law of Storms 
in India, by H. Hddington. -Meteorological Instructions of the Cape Town Meteorological 
Committee. — Note on the Laws which regulate the Distribution of Isothermal Lines, by 
H. Hennessy. — On a Differential Barometer, by W. H. Wollaston. — On Periodical Laws 
discoverable in the Mean Effects of the larger Magnetic Disturbances, by K Sabine. — 
On the Annual Variation of the Magnetic Declination at different Periods of the Day, 
by E. Sabine.— On the Diurnal Variation of the Magnetic Declination at St Helena, by 
E. Sabine. — On the Evidence of the Existence of the Decennial Ineauality in the Solar- 
diurnal Magnetic Variations, and its Non-existence in the Lunar-aiumal Variation of 
the Declination at Hobarton, by £. Sabine. — On the Laws of the Deviation of Magne- 
tised Needles towards Iron, by W. H. Christie. — On the Means adopted in the British 
Colonial Magnetic Observatones for determining the Absolute Values, Secular Change, 
and Annual Variation of the Terrestrial Magnetic Force, by E. Sabine. — On the prob- 
able Electric Origin of all the Phenomena of Terrestrial Magnetism, by P. Barlow. — 
On the Westerly Route for crossing the Line, by H. Toynbee. — Paper on Meteorolo^, 
by R. FitzRoy. — Probability m^t&rologiques pour I'annee 1864, par M. Bulard. — Re- 
marks on Revolving Storms. — Syst^me d'oDservations m^t^orologiques continues 
annon9ant les 6poques de changements de temps, par C. Bulard. — The Probable Weather 
and Storm Periods in 1870, by '* B." — Treatise on the Motions of the Earth and Magnet 
— Uses to which Mason's Htygrometer is applicable. — *'Vox Stellarum," or a Loyal 
Almanack for the years 1808 and 1822, by F. Moore. 

Markham, C. a.— Meteorological Report for Northamptonshire, Oct. 1898 to Sept 
1899. 

Marshall, S. A.— Rainfall in the Lake District, Dec. 1898 to Nov. 1899. 

Mawlby, E. — Lessons from the Great Drought of 1898. — Meteorological Observa- 
tions at Berkhamsted, Dec. 14, 1898 to Dec. 6, 1899.— The Rosarian's Year-Book, 1899. 

Mellish, H.— The Weather of 1898 at Hodsock Priory, Worksop. 

MiDOLEY, W. W.— Annual Report of the Museums and Meteorological Observatory 
of the Borough of Bolton, 1898. 

Mitchell, Rev. J. C. — Results of Meteorological Observations taken in Chester 
during 1898. 

Mohn, H. — Das Hypsometer als Luftdruckmesser mid seine Anwendung zur 
Bestimmung der Schwere-Korrektion. 

Mobsman, R. C. — Report on the Meteorology of Scotland for the year ending Sept 
30, 1898.— Results of Meteorological Observations taken at E<linburgh during 1898. 

Ormerod, Miss E. A.— General Index to Miss Ormerod's Reports on Injurious 
Insects, 1877-98. 

Parnaby, J. M. — Meteorological Report for Albert Park, Middlesborough, Dec 1898 
to Nov. 1899. 
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Peek, Sir C. E. — Meteorological Observations at Rousdon Observatory, 1898. 

Percy, C. W.— Kite-flying by Steam Power. 

PoLis, P. — Die Niederschlagsverhaltnisse der Rheinprovinz. — Die Stromungen der 
Luft in den barometrischen Minima und Maxima. — Die Stromungen der Luft in den 
Cyclonen und Anticyclonen. — Die Temperaturverhaltnisse von Aachen. 

Preston, A. W.— Meteorological Notes, 1898, from Observations taken at Bnmdall, 
Norfolk. 

RoTCH, A. L. — Exploration of the Free Air by means of Kites at Blue Hill Obser- 
vatory. 

Russell, Hon. F. A. R.— London Fog and Smoke. 

Russell, H. C. — Current Papers, No. 3.— Waterspouts on the Coast of New South 
Wales. 

Salle, 0.— Das Wetter, 1899. 

ScHAW, Mai. -Gen. H. — Australasian Weather Charts and New Zealand Storms. — 
Notes on the Vertical Component of the Motions of the Earth's Atmosphere. — On the 
Interaction of Cyclones upon one another. 

Slade, F. — Meteorological Observations at Beckford, Tewkesbury, 1898. 

Smelt, Rev. M. A.— Rainfall at Heath Lodge, Cheltenham, 1867-98. 

Stokes, J. — Annual Report on the Health of Margate, and Meteorological Report, 
1898. 

SwETTENHAii, F.— Report by the Resident General of the Federated Malay States 
to His Excellency the High Commissioner, 1899. 

Stmons, G. «f. — Annuaire de la Soci^t^ M^teorologique de France, tome viii., 1860. 
— Bulletin of International Meteorology, 1875-82.— Karte zu von MoUendorifs Regen- 
verhaltnisse Deutschlands. — Symons? British Rainfall, 1898. — Symons's Monthly 
Meteorological Mi^azine, 1883 and 1899.— U.S. Monthly Weather Review, 1881-82. 

Stmons, Dr. W. H. — Annual Report of the Medical Officer of Health to the Bath 
Urban Sanitary Authority, 1896 and 1898. 

Taylor, Capt. E. R. — Report and Results of Meteorological Observations made at 
Ardgillan, Co. Dublin, Ireland, during the year 1898. 

Taylor and Francis, Messrs. — Ciuendar of the Meetings of the Scientific Bodies of 
London, 1899-1900. 

Tsisserrnc de Bort, L. — Sur les ascensions dans I'atmosph^re d'enregistreurs 
m^t^rologiqnes port^ par des cerfs-volants. 

TiNSLEY, G. W. — ^Tlie Mechanics of a Cyclone, by a Mechanic. 

Tyrer, R. — Annual Report on the Meteorology of Cheltenham, 1898. — Climate of 
Cheltenham, 1898.— Rainfall in the County of Gloucester, Dec. 1898 to Nov. 1899. 

UsBORNE, Miss. — Charts from a Richard Barograph at Writtle, Chelmsford, 1898 
and 1899. 

Yallot, J. — Annalos de I'Observatoire Met^orologique physique et glaciaire du 
Mont Blanc. 

V AUG HAN, J. D. W.— Meteorological Observations at Suva, Fyi, Feb. to July 1898. 

Vincent, J. — Comment on photoCTanhie les nuages. 

Wagstaffe, W. W.— Report of the Weather, Sevenoaks, 1898. 

Ward, R. de C. — The Ekjuipmcnt of a Meteorological Laboratory. 

Waters, R. — Sunshine in the English Lake District, 1898. 

Whipple, R. S.— Meteorology andSeismolo^. 

WiLMSHURST, A. J.^Kainfall at Manor Park, Essex, 1898. 

Lantern Slides. 

Bayard, F. C— Alipor Observatory, Calcutta. — Burketown Observatory, Queensland. 
— Capemba Observatoiy, Brisbane.— Chemnitz, Royal Saxon Meteorological Institute 
(2 slides). — Deutsche Seewarte, Hamburg (2 slides). — Eidgendssisches Physikgebaude 
in Zurich. — Hobart Observatory, Tasmania (2 slides). — Institutul Meteorological 
Romaniei. — Hong-Kong Observatory (2 slides). — Monoalieri Observatory, Italy. — Mount 
Kosciusko Observatory, New South Wales. — Mount Wellington Observatory, Tasmania. 
— Observatoire de Athenes. — Observatoire du Infante D. Luiz, Linbon. — Perth Observ- 
atory, Western Australia (2 slides). — Royal Meteorological Institute, Utrecht. — 
Toronto Observatory, Canada. — Upsala Observatory, Sweden (2 slides). — Weather 
Bureau, Washington.— Portraits of Dr. R. Billwiller (Zurich).— T. F. Clax ton (Mauritius). 
— W. E. Cooke (West Australia).— W. G. Davis (Cordoba).— Dr. W. Doberck (Hong- 
Konff).—D. Eginitis (Athens).— J. Eliot, F.R.S. (Calcutto).— R. U J. Ellery, F.R.S. 
(Melbourne).- H. C. Kingsmill (Hobart).— Dr. H. Mohn (Christiania).— Prof. W. L. 
Moore (Washington). — Dr. A. Paulsen (Copenhagen). — Dr. R. Rubenson (Stockholm). — 
H. C. Russell, F.R.S. (Sydney). —Prof. Dr. P. Schreiber (Chemnitz). —Dr. R. H. Scott, 
F.R.S. (London).— C. M. Stewart (Cape Totvti).— Dr. J. P. Van der Stok (Batavia).— 
C. L. Wragge (Brisbane). 
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Latham, B. — Climatic Conditions necessary for the Propagation and Spread of 
Plagiie : 15 slides showing temperature of ground and relation to mortality, Bombay. 

E. Mawley. — Grand Junction Canal and Tring Reservoir : normal condition and 
drought, 1898 (4 slides). 

APPENDIX VL 

BEQUESTS. 

Bequest by the late C. L, Prince, F.R.A.S. 

Abbe, C. — Cloud Observations at Sea. 

Barker, T. H. — Results of Meteorological Observations at Bedford, 1861. 

CoxwoRTHY, F.— On the Constitution of the Atmosphere, geologically considered. 

Crallan, T. E.— Meteorological Observations taken at the County Lunatic Asylum, 
Haywards Heath, 1871, 1878, and 1879. 

LiDDELL, J. — Meteorological Register kept at Bodmin, 1885 and 1886. 

London, Koyal National Lifeboat Institution.— Directions for fixing Coast 
Barometers and for keeping a Barometer Chart, by J. Glaisher. 

[Lucas, W.]— Forty Years' Temperature and Rainfall at Hitchin, 1860-89. 

Malden, C— Rainfall at St Lawrence Rectory, Isle of Wight, 1868-77. 

MiLNER, W. R. — Meteorological Table for the year 1865 at Wakefield Prison. 

MoYLE, M. P. — Meteorological Summary of the Weather at Helston from 1845 to 
1855, both inclusive, in Quarterly Periods. — Meteorological Summary of the Weather at 
Helston for the year 1866. 

PiM, W. H. — Summary of Meteorological Observations for 1861, taken at Monks- 
town, Co. Dublin. 

Pointer, J. — A Rational Accoimt of the Weather. 

Prince, C. L. — Meteorological Journal kept at Uckfield, July 1, 1842 to May 15, 
1872 ; and at Crowborough Hill, from May 16, 1872 to Nov. 16, 1898 (MS.) -Meteoro- 
logical Rejwrt for Crowborough, Dec. 1876. — Summary of a Meteorological Journal for 
Jan. 1851, observed at Uckfield. 

Prince, L.— Meteorological Observations, Jan. 1, 1846 to Oct 31, 1864 (MS.). 

S. M. — Summary of Meteorological Observations made in Kendal in 1866. 

Saint-Hi LAI RE, J. B.— M^t^orologied'Aristote.— Traduite en fran^ais pour la premiere 
fois et accompagn^e de notes perpetuelles, avec le i)ctit trait<$ apogryphe du monde. 

Smelt, M. A. — Syuof»sis of Rainfall, on the Surface of tne Ground^ registered at 
Twenty-four different Meteorological Stations in England during the year 1861. 

Symons, G. J. — Barometrical Depression, Dec. 23-27, 1859. 

Whistlecraft, 0. — The Weather Record of 1856, being Extracts from the Journal 
of Orlando Whistlecraft, Thvvait*, Suffolk. 

Bequest by the late Canon J. Slatter, F.R.A.S. 

Allnatt, H.— -Monthly Meteorological Tables for the year 1857 ; together with a 
Summary showing the Fall of Rain at about Thirty Localities in England, Ireland, and 
Scotland. 

Barker, T. H.— Results of Meteorological Observations at Bedford, 1859 to 1861. 
—The Weather at Bedford for the years 1860 and 1864. 

Burrow, W. and J. — Summary of Meteorological Observations taken at Malvern, 
1868. 

Chiswick.— Tlie Weather of 1864 at Chiswick, by R.T. 

Drew, J. — Results deduced from a Meteorological Register kept at Southampton 
during the years 1861 and 1863. 

Glaisher, J. — Remarks on the Weather during the quarter ending Dec. 81, 1851. 

Moyle, M. p. — Meteorological Summary of the Weatner at Helston, 1861. 

Oxford, Magdalen College Laboratory. — Meteorological Register for the 
months July 1875 to Oct. 1876, Dec. 1876, April and June 1877, March and July to 
Oct. 1878. Jan. to March 1880, Jan. to March and Sept to Dec. 1881, and Dec. 1891 
(MS.).— Rainfall registered at Magdalen College 1875, 1876, 1878 to 1881, and 1885 to 
1886. 

OxLKY, W. — Anemometer for Self Registering the Daily Pressure and Mean Vari- 
able Directions of the Wind. 

Plant, T. L. — Meteorological Rejwrt for 1861, from observations taken at Camp 
Hill, Birmingham. 

Slatter, J. — Meteorological Journal kept at Iffley, Oxford, Nov. 3, 1847 to Dec. 
81, 1861 ; at Streatley, Jan. 1, 1863 to May 23, 1880 ; and at Whitchurch, Reading, 
May 24, 1880 to April 5, 1899 (MS.). 
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Smelt, M. A.— Synopsis of Rainfall registered at Twenty- three different Meteoro- 
logical Stations in England during the year 1862. 

Symons's Rainfall Circular, 1864 and Feb. and April 1865. 



APPENDIX VIL 
REPORTS OF OBSERVATORIES, Etc. 

The Meteorological Office. — Lieut-Gen. Sir R Strachey, R.R, G.C.S.I., 
F.R.S., Chairman of Council; Robert H. Scott, D.Sc, F.RS., Secretary; 
Capt M. W. Campbell Hepworth, RN.R., F.R.A.S., Marine Superintendent 

Considerable changes have occurred in the administration of the Office since 
the last Report was printed. 

On June 24, Lieut C. W. Baillie, RN., the Marine Superintendent, died 
quite suddenly, of heart affection. His place was filled by the appointment of 
Capt M. W. Campbell Hepworth, F.RMet.Soc, who took up his duties on October 1 . 

At the end of the year Mr. Scott's resignation of his Secretaryship took 
effect His successor is Mr. William Napier Shaw, F.RS., Assistant Director of 
the Cavendish Laboratory, Cambridge. 

Marine Mbteorolooy. — Meteorological Charts of the Southern Ocean between 
the Cape of Good Hope and New Zealand, — These charts were published during 
the past summer, and it is hoped that they will prove of considerable value to 
seamen navigating the Southern Ocean. 

South Atlantic Ocean and West Coast of South America. — Steady pro- 
gress has been made in the discussion of the observations which have been 
extracted from the Office logs and from those of Her Majesty's ships, and the 
method of exhibiting the results on charts has been practically decided. 

The Weather of the Winter 1898-99 over the North Atlantic — Daily synoptic 
charts have been prepared for a period of sixty days, from December 18, 1898, 
to February 16, 1899, to illustrate the exceptionally stormy character of the 
weather along the trans- Atlantic routes during that period. These charts are 
now being lithographed, so that the work may be expected to appear shortly. 

Weather Telegraphy. — Considerable reductions have been made in the 
number of reporting stations, owing to the necessity of retrenchment in order 
to arrange for a pension fund. Some of the members of the staff, after more 
tlian forty years' service, are appi-oaching the age at which retirement is 
enforced. 

The stations which have been discontinued for daily reports are Ardrossan, 
York, Cambridge, The North Foreland, Hurst Castle, and Piiwle Point ; but in 
place of the two last, Portland Bill has been established, as about half-way 
between Dimgeness and Scilly. 

In addition it should be mentioned that the reporting station in the west 
of Co. Mayo has been moved from Belmullet to Blacksod Point 

Land Meteorology of the British Isles. — The volume of Remits of Obser- 
vations from Stations of the Second Order for 1896 has appeared. The volume of 
Hourly Mean Readings for the Five Observatories for 1896 has been published. 

In connection with the anemometer experiments which have for some time 
been in progress at Holyhead, it may be mentioned that the Robinson Cup 
instrument has been removed to a position closely adjoining the other instru- 
ments, with which its records will in future be more strictly comparable. The 
non-oscillating pressure-plate erected two years ago has yielded some interest- 
ing results. So far the ol«er\'ation8 appear to confirm those obtained with the 
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bridled and the pressure-tube anemometers, and at the same time they show that 
the high pressures frequently recorded by freely oscillating plates are Jhllacious, 
the latter being in some cases as much as 200 per cent in excess of the truth. 

AtmoBpheric Electricity. — The Royal Society have continued the grant for a 
research into this intricate subject for another year. Mr. Wilson has handed in 
the account of his work in 1898-99 in the form of a paper " On the Comparative 
Efficiency of Condensation Nuclei of Positively and Negatively Charged Ions," 
which was communicated by the Council to the Royal Society and appears in 
volume 193 of Philosophical Transcictioni, — January 9, 1900. 

Royal Ob«ervatory, Greenwich. — W. H. M. Christie, C.B., M.A., F.RS., 
Astronomer-RoyaL 

The meteorological work of the Royal Observatory in 1899 has been main- 
tained on the usual plan, with such modifications and extensions as have been 
rendered necessary by the development of the scheme of observations for the 
new observing station in the Magnetic Pavilion enclosure. 

Temperature of the air ranged between 90" *0 on August 15 and 19''*3 on 
December 16. The yearly mean was SO"*?, being 1***2 above the average. The 
monthly means were in excess in all months except March, May, October, and 
December : in January the excess amounted to 4*''2 ; in August to 8***9 ; and 
in November to 4'''8. The recorded sunshine amounted to 1704 hours, exceed- 
ing the amount recorded in 1898 by 289 hours. In the summer months. May 
to August, the excess was particularly marked, amounting to 253 hours as com- 
pared with the record for the corresponding months in 1898. The rainfall for 
the year amounted to 22*33 in&, being 2 in& below the average. In the five 
years 1895-99, which have all been dry, the total deficiency of rainfedl amounts 
to 1 7 ins. The rainfall in August, 0*35 in., was the smallest August fall on 
record, the smallest fall in the preceding fifty-eight years having been 0'45 in. 
in 1849. Among the occasional phenomena observed during the year, the 
remarkable exhibition of parhelia with brilliantly coloured halos, and inverted 
arcs, on October 11, may be particularly noted. — April 18, 1900. 

Royal Observatory, Edinburgh. — Ralph Copeland, Ph.D., F.RS.E., 
Astronomer-Royal for Scotland. 

The meteorological observations have been made by the staff, under the 
same conditions as in former years. The bi-daily readings of the barometer, dry 
and wet bulb thermometers, wind and cloud, and daily readings of the shaded 
and exposed maximum and minimum thermometers have been continuous 
throughout the year. The Robinson anemometer and King's barograph have 
also been in operation without interruption. A monthly copy of the daily 
readings has been supplied, as usual, to the Scottish Meteorological Society 
for the use of the Registrar-General for Scotland, and the monthly means have 
been published in the Registrar's Quarterly Reports. The weekly readings of 
the rock thermometers at Calton Hill have been continued. The observations 
since 1879 are now being prepared for publication by Mr. Heath, along with a 
summary of the whole series from the commencement in 1837 to the end of 
1899. — January 29, 1900. 

Kew Observatory, Richmond, Surrey. — Charles Chree, ScD., F.R.S., 
Superintendent 

The several self-recording instruments for the continuous registration of 
atmospheric pressure, temperature of air and wet bulb, wind (direction and 
velocity), bright sunshine, and rain have been maintained in regular operation 
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throughout the year, and the standard eye observations for the control of the 
automatic records duly registered. 

The tabulations of the meteorological traces have been regularly made, and 
these, as well as copies of the eye observations, with notes of weather, cloud, 
and sunshine, have been transmitted, as usual, to the Meteorological Office. 

The electrograph worked generally in a satisfactory manner during the 
year. 

The " setting " of the electrometer needle, mentioned in last yearns Report, 
has been considerably reduced, and the working of the instrument improved, by 
the removal of the large glass cup with a diameter of 100 mm. — used for 
holding the sulphuric acid — and the substitution for it of a small glass beaker 
with a diameter of 40 mm., resting upon a disc of paraffin, and containing 
10 drachms of acid only. The acid and accumulated moisture is removed 
at frequent intervala 

Scale value determinations were made on January 24, May 12, July 21, and 
November 7, and in addition the potential of the battery has b^n tested 
weekly. Forty cells only have been employed throughout the year. A battery 
of thirty-six Clark cells has been purchased from Messrs. Muirhead, on behalf of 
the Meteorological Council, with the hope of thereby introducing greater 
certainty into the interpi-etation of the records 

The comparisons of the potential, at the point where the jet from the water- 
dropper breaks up, and at a fixed station on the Observatory lawn, referred to 
in last year's Report, have been continued, and the observations have been taken 
three or four times every month. 

The observations of a series of distant objects, referred to in previous 
Reports, have been continued. A note is taken of the most distant of the 
selected objects which is visible at each observation hour. 

The results of the comparison of platinum and gas thermometers at Sevres 
were analysed by Dr. Chappuis and Dr. Harker, and embodied in a paper 
which was read before the Royal Society in June, and which will appear in the 
Philosophical Transactions, 

The experiments which were begun in 1895 into the constancy and general 
behaviour of platinum thermometers have led to the accumulation of a lai^ 
number of resulta These have been dealt with by the Superintendent in 
a critical paper which was recently read before the Royal Society. 

Towards the end of the year an oil-bath was constructed, from the designs 
mainly of Dr. Harker, for the purpose of comparing thermometers at high 
temperatures. Some preliminary comparisons have already been made in it of 
a few German and English mercury standards with a platinum thermometer. 

During the year 1899, the air temperature ranged from 21 '-3 on December 
14 to 87*" '3 on August 15. The mean was bO^S. The maximum temperature 
in the sun's rays (black bulb in voctw) was 147" on July 9, whilst the lowest 
temperature on the ground was 6" on December 14. 

1763 hours of sunshine were recorded, giving a mean percentage of the total 
possible of 37, which is 8 per cent above the average for the 20 years 
1877-96, and is the largest yearly value yet registered, the next largest being 
35 per cent in 1893. Values above the average were obtained every month, 
with the exception of April and November, and the totals for February, June, 
and August were the largest yet recorded for those months. 

The total rainfall was 20*845 in&, which is 3*19 in& below the average for 
the past 35 years. The greatest and least monthly falls were respectively 
3-980 ins. in November, and 0*445 in. in August, this latter total being the 
lowest August value since 1859. In the 10 days between October 27 and 
November 5 there were three falls exceeding one inch, viz. 1*055, 1*350, and 
1-250 in. 
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Parliament having, on the motion of Her Majesty's Ministers, voted a suni 
of money for the establishment of a National Physical Laboratory, to be under 
the management of a committee nominated by the Council of the Royal Society, 
the Royal Society have drawn up, and the Government have approved, a 
scheme for the organisation of the Laboratory. In accordance with this scheme, 
the Kew Observatory is incorporated with the National Physical lAboratory, 
and becomes part of the organisation thereof as from January 1, 1900. The 
Kew Observatory Committee as hitherto constituted ceases to exist at the same 
date, and ita property is to Xie transferred to the Royal Society. The work 
of the Observatory will, however, proceed as heretofore, and will be carried 
on by the existing staif. 

The scheme of organisation already mentioned constitutes an Executive 
Committee, as the authority having the immediate management of the National 
Physical Laboratory, and this Committee includes at present six members of the 
Kew Olxjervatory Committee. The scheme also provides for the appointment of 
a Director, who, subject to the authority of the Executive Committee, is to 
have sole control and direction of the officials of the National Physical 
Laboratory and of the work done within it Mr. R T. Glazebrook, F.RS., 
has been appointed to this office. — March 28, 1900. 



The Oirculation of Water in the North Atlantic. — The Qulf Stream is 
to be distinguished from the broad drift into which it merges. The former has 
an inner circulation, which reaches to the Azores and to the region of the 
Trades, and circles round the Sargasso Sea ; the Gulf Stream drift is a vast 
movement of the warm superficial waters of the Atlantic, driven by the prevail- 
South-west winds towards the north and east. The limit between the two, as 
determined by the directions taken by floating bottles, may be placed between. 
43" and 47° N. The drift spreads out in a fan shape, and branches into four 
streams, of which each goes towards one of the four straits which unite the 
North Atlantic with the Polar seas, viz. Davis Strait, Denmark Strait, the 
channel between Iceland and the Faeroes, and that between the latter and 
Shetland. The circulation of the North Atlantic is strongly influenced by the 
conformation of the b{)ttom of the sea. Other factors which enter into these 
movements are the melting of the polar ice, the relative salinity and tempera- 
tures of the various streams ; and the seasonal variations in the circulation have 
a profound efl'ect on the climate of these waters and the neighbouring lands. 
The complex relations of these various conditions are the subject of a study by 
Dr. C. Pettersson in PetermanrCs Mitteilungen^ Nos. 3 and 4 of the present year. 
This essay, which is it.self too condensed to admit of any shorter abstract, brings 
together the results of research in the North Atlantic until last summer, and is 
illustrated by charts and diagrams. — Scottish Geographical Magazine, 

The Biviera in the Last Century. — The observations taken by Tobias 
Smollett at Nice, and printed in his Travels through France arid Italy^ extend 
from November 1763 to April 1765, and from February 1764 to April of the 
year following are very fully recorded. The thermometers Smollett employed 
were one of mercury, graduated on the R^umur scale, and one of spirits of wine 
constructed by Chateau neuf and graduated in the same manner. They were 
placed in the shade in a room without a fire, with a southerly exposure, and the 
readings were taken between ten and eleven in the forenoon. 
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REMARKS ON THE WEATHER CONDITIONS OF THE 
STEAMSHIP TRACK BETWEEN FIJI AND HAWAII. 

By Capt. M. W. CAMPBELL HEPWORTH, F.R.MetSoc. 

(Plate XII.) 

[Read March 21, 1900.] 

Having in view the fact that to the seafarer generally the intertropical 
regions of the Pacific Ocean are at least comparatively unknown, I venture 
to hope that the following remarks upon the Trade Winds of the Pacific, 
as experienced on the Canadian- Austi*alian Steam Route, may be useful to 
those navigators who are called upon to make the passage under sail 
between Australia and the North American Continent, and, moreover, 
perhaps interesting and acceptable to the Fellows of the Royal Meteoro- 
logical Society. 

The following records are taken from a journal of my voyages, which 
followed in regular sequence, an interval of five months excepted (viz. 
from the end of November 1896 to the beginning of May 1897), and deal 
with observations of wind, its force and direction, made and recorded by 
my oflScers and myself every four hours during twenty passages between 
Australasia and British Columbia in the steamships Warrimoo and 
Aorangiy commencing May 1896 and extending to August 1899. 

Although the track which must be taken by a sailing vessel differs very 
largely from that of the steamers on which the observations referred to 
were made, I contend that no very appreciable difference will be found to 
exist in the direction and force of the wind over an area extending many 
hundreds of miles east and west of it, excepting in the vicinity of island 
groups ; and that, at any rate, such knowledge as my records supply should 
be of some service as indicating the seasonal variations of the Trade Winds 
of those regions and their mean limits at different periods of the year. 

I have endeavoured to embrace these observations within as small 
limits as intelligibility would allow; and therefore, instead of drafting 
them on charts for each month of the year, I have employed four charts 
in their delineation, each exhibiting the observations which belong to 
their allotted quarter. 

It may appear at first sight that instead of adhering to the conven- 
tional division of the year, a more efficient grouping of the months might 
be adopted for the purpose under discussion, bracketing, for instance, the 
summer and winter months respectively, and, in like manner, those 
months during which in temj)erate climates spring ushers in the summer, 
and those again when autumn merges into winter. This grouping of the 
seasons was at first contemplated, but subsequently, on a closer examination, 
it was found, as regards the Southern Hemisphere, to display serious faults 
— should the plan contemplated, of drafting the observations on four 
charts, each containing as far as practicable about the same number of 
observations, be carried into effect. For instance, the month of May, 
when the South-east Trade Winds blow steadily, would be classed on a 
chart with March and April, months during which the winds are very 



236 HEPWOBTH— WEATHEB CONDITIONS BETWEEN FIJI AND HAWAII 

variable ; and in like manner the month of September would be foandt; 
with those of October and November, an analogous case, for the SoaUl*^^^ 
east Trade Wind still holds its own in September, whereas during tlit^ 
two succeeding months it is found to be giving way to the Monsoon ci: 
summer. 

In accordance with the method adopted, we have on separate cluurlf 
(Plate XII.) : (1) January, February, March, monsoonal and variable ; (1|^ 
April, May, June, variable and South-east ; (3) July, August, Septemboi^ 
South-east ; (4) October, November, December, variable and monsooniL ^ 

The direction and force of the wind is shown by arrows which 1^ 
with the wind, each arrow bearing a symbol denoting the force of tM! 
wind. 

In making the passage between the straits of Juan de Fuca and Honcdntev 
it has usually been found that the first indication of the expected NortlH 
east Trade Wind, and preceding it often by as much as 300 miles, is H 
long swell from the north-eastward, although the wind be not, and hii 
previously not been, experienced from that quarter to the North-eastwaid^ 
but, on the contrary, has probably been from some Westerly point Lei 
me make myself clearly understood. 

Approaching the edge of the North-east Trade Winds from the north*. 
eastward, the atmospheric conditions for a considerable area to the norlh* 
eastward being known for some time past, and these conditions not beiQg 
North-easterly, it appears reasonable to suppose that the wind would fini 
be experienced, and with no accompanying swell, until such time as tlia 
wind should have been of sufficient strength to account for a correspondiqg 
disturbance of the sea surface ; this, it is contended, is the reasonable 
assumption, but the reverse happens. 

A swell is experienced that has no wind at its back, and not infath 
quently it is quite a heavy swell. 

The opportunity is here taken for proclaiming this apparent anoma^, 
which has not, to the best of my belief, been brought forward hitherto^ 
for it is a phenomenon which may be found associated not only with the 
North-east Trade Winds of the North Pacific Ocean, but also with other 
strong winds blowing over extensive areas in all parts of the globe. 
Sailors usually take into consideration the advent of a swell or swelb 
when forecasting the weather. Thus when a swell from a certain diree- 
tion is encountered, and decreases as his vessel proceeds, he conjecturef 
that the cause of disturbance is becoming more remote ; and conversdyi 
when it increases, it augurs, in his opinion, a nearer approach, and he 
assumes that before long the wind may be expected to come from the 
quarter from which the swell is making, because the sea surface is being 
impelled in such a direction by the wind " at the back of it^" — to use a 
sailor's expression, — but it is my desire to show that a swell is frequent^ 
experienced in rear of the wind thai produced it. The occurrence has often 
puzzled me. When a high, increasing head-swell has led one to expect 
before long the gale which caused it, the expectation has frequently 
been unfulfilled. When it has been anticipated from an increasiDg 
sea disturbance following, quartering, or on the beam, that its correUitive 
in wind would be forthcoming, it has, in many instances, not arrived. 

In the first instance the gale may have been blowing over areas many 
hundreds of miles ahead of the vessel experiencing the sea disturbance it 
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produced, and many have "taken off" suddenly. In the second case a 
fitting explanation would be that the vessel had run out of the area of 
disturbance; but when it can be reasonably assumed that for a vast 
expanse of water rearward of a long ocean swell there exists no dominat- 
ing power, some other explanation must be sought. The explanation, in 
my opinion, is that the waves caused by the impact of air in motion upon 
an expanse of water induce undulations upon its surface in rear as well 
as in front of the impelling power whenever the vibrations are set in 
motion. 

As has already been stated, then, the first intimation of the North- 
east wind comes in a long swell from that quarter, and during the months 
of January, February, and March these Trade Winds rarely extend to 
the northward of the 24th parallel of North latitude upon the route 
which we are following, and its mean limit may be stated as 22|° N. 
At this period of the year, as also during December and the latter part 
of November, strong Southerly winds are occasionally experienced as far 
south as the 13th degree of North latitude, resulting from the passage 
of low-pressure systems to the northward, traversing the Pacific from 
west to east. These Southerly winds are attended by rainy weather, and 
have an enervating and depressing effect upon the white population of 
the Hawaiian Island. 

According to the published report of Mr. Curtis J. Lyons, Director of 
the Hawaiian Weather Bureau, the average yearly rainfall at Honolulu, 
from 1894 to 1897 inclusive, was 35*4 ins. The largest rainfall in one 
day in 1894 occurred in February, and was 2 7 ins.; the smallest in 
May, and was 0*13 in. In 1895 the largest rainfall in one day occurred 
in December, and was 6*15 ins. ; the smallest, in July, being 0-21 in. In 
1896 and in 1897 the largest rainfalls in one day occurred in December 
and in September, being 5 00 ins. and 1*64 in. respectively; the smallest, 
occurring in July and in August, being 016 in. and 0*19 in. respectively. 
During the years 1894 to 1897, inclusive, the North-east Trade Wind was 
experienced during 20 days and upwards each month from March to 
October inclusive, and on 24 days and upwards each month from May to 
September inclusive; for the remaining months of the year much less 
frequently. 

During January, February, and March moderate Trade W^inds, with 
occasional showers, may be expected from the 20th parallel southward to 
the Equator, thence lighter North-easterly winds and fine weather through 
the Phoenix Group to 5° S., the wind retaining its North-easterly direc- 
tion, but associated, as a rule, with unsettled squally weather to 20° S. 
Thus it will be seen that the winds become monsoonal between the 
Equator and 20"" S. during these months, as also during the latter part 
of December ; but instead of the wind being North-west, as it is found to 
be at this period of the year in the Indian Ocean and Java and Arafura 
Seas, it here takes a North-easterly direction. 

By way of accounting for the existence of the Monsoon over the area 
under discussion, it may here be appropriately stated that during passages 
made in the months of January and February 1897, 1898, and 1899 the 
mean temperature of the air between the parallels of 5° N. and 5° S. was 
found to be 79°'8, and it was of course considerably lower to the north- 
ward ; and between the parallels of 15° and 20"^ S. the mean temperature 
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was found to be SI"", and again between 16° and 26° S. it was found to 
be 81 '5. These months may be considered aa representing the height of 
the Monsoon season. It will be seen that at this season the temperature 
of the belt 5'^ each side of the Equator was nearly 2° (1°*7) less than 
that of a belt contained between the 16th and 26th parallels; whereas 
during the months of May, June, and July of the same years, when the 
Trade Wind was blowing steadily, the mean temperature of the Equatorial 
belt alluded to was 82"^'!, and of the belt contained between the 16th 
and 26th parallels 7 4° 8, and was of course considerably lower to the 
soutlnvard. That is to say, the Equatorial belt, which during January 
and February was the cooler, during May, June, and July became the 
warmer by 7°'3. The observations from which the mean of the tempera- 
ture was obtained were taken on board the Aorangi by my ofBcers and 
myself every four hours, and the readings are from one of Casella's 
thermometers, supplied by the Meteorological Office. Tlie thermometers 
were located in the screen supplied for the purpose in a favourable 
situation. 

In a paper which I read before the Royal Society of New South 
Wales upon " Current Observations on the Canadian- Australian Route," 
I endeavoured to show that the j)Osition and limits of the counter current 
of the Pacific on this route, and presumably for hundreds of miles east 
and west of it, changed during different seasons of the year, and that 
during the Monsoon season it was absent. It may be well,- however, to 
give a portion of the text in full, which runs as follows : — 

"My records show that during the months of May, June, and July 
the counter current may be met with between the parallels of 1° and 6* 
N., and during August, September, and October between the parallels 
of 5° and 9" N. ; and it should be noted that during these months 
the South-east Trade Winds blow without intermission. 

"During December we find two observations of counter currents between 
the Equator and the 4th parallel, and three observations of currents 
flowing to the nortli- eastward and east -north -eastward between the 
8th and the 1 1 th parallels of North latitude, which will not, for 
reasons given hereafter, be considered as belonging to the counter 
current j>roper. 

"During February and March no eastward-moving currents have 
been recorded ; but in April two observations of counter current are 
recorded, one between the 3rd and 6th parallels, and one between 
the 8th and 10th. 

" Disregarding these last two observations, which may be looked upon 
as exceptions to prove the rule, we find that from December to March 
inclusive, i.e, during the Monsoon season in the region about Fiji and 
westward to the Coral Sea, when the wind between this and the Equator 
is drawn to the North-eastward, the Equatorial counter current slackens, 
or is altogether absent, and that it is questionable whether it has much 
value during April." 

Now, in addition to the rise in the temperature of the air during 
the spring and summer months over that area of water so thickly 
interspersed with islands which lies between the 16th and 24th parallels 
of South latitude, and between the 170th meridian of East longitude and 
the Australian coast, owing to the superheating of the islands and of 
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the comparatively shallow, and thus more easily heated, waters by which 
they are surrounded, it may be assumed that the warm water of the 
Equatorial current, taking at this season of the year a more southerly 
course and — due in some measure, no doubt, to the absence of the counter 
stream — ^having a greater volume and velocity, also causes a rise in 
temperature of the air lying over these regions, and thus it will appear 
that wind and current act and react one upon the other. 

The Monsoon season is the hurricane season, December and March 
being the months during which hurricanes most frequently occur, and at 
an interval, it is said, of about three or four years. Although, from such 
information as I have been able to gather, the force of the wind during 
the passage of one of these revolving storms does not attain, as a rule, 
so high a velocity as it usually attains in visitations of a similar nature 
in most other tropical regions where they may be looked for, yet they do 
an incalculable amount of damage to property, unroofing many of the 
settlers' houses and often laying low those of the native population, felling 
and uprooting cocoa-nut and banana trees and wrecking the sugar-cane. 
Copra, sugar, and bananas being the chief product of these islands, upon 
which their prosperity mainly depends, these visitations are as much 
dreaded by the white population as by the native. 

From the data supplied to me by Mr. J. D. W. Vaughan, F.R.Met.Soc, 
Government Meteorologist at Suva, and Captain WooUey, Harbour-master 
at that port, it appears that previous to the advent of a hurricane at that 
place the indications, in addition to a falling barometer, usually are a 
steady freshening of the wind at South-east associated with much rain, 
heavy banks of clouds to the south-eastward, and a high swell which 
breaks over the barrier reef and rolls into the harbour. As a rule, the 
wind blows strongest after" the passage of the lowest pressure from 
some Northerly point, when the track of the storm centre lies to the 
north-westward. 

During the five years 1894 to 1898 inclusive, the mean temperature 
of the air at Suva, Fiji, was 79°, the mean monthly maximum temperature 
was 83° '8, and the mean montlily minimum temperature was 72°*3 : the 
highest temperature being 98°, occurring on March 14, 1897; and the 
lowest temperature being 61°*5, occurring on October 27, 1898. 

The mean humidity of the air was 73 per cent. The mean rainfall was 
100*6 ins. for twelve months. The greatest yearly rainfall was 111*8 ins. 
in 1894 ; the smallest rainfall being 79*7 ins., and occurring in 1896. The 
mean height of the barometer from 1894 to 1898 was 29*95 ins., the 
lowest reading being 28*60 ins., which occurred when a hurricane was 
being experienced on January 7, 1895, at 9 a.m., during a partial lull, 
soon after the passage of the centre of the storm, the wind being North 
at the time, force 9. The highest reading was 30*29 ins., which occurred 
on June 29, the wind being South-east at the time and the humidity 
58 per cent. 

Amongst the Fiji Group the South-east Trade Wind is liable to 
interruption at all times of the year. From the beginning of April to 
the end of November it is most constant 

In January, February, and March, between the 20th and 24th parallels, 
the South-east Trade Wind prevails, but is liable to interruptions. 

During April, May, and June the limits of the North-east Trades 
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appear to be from 24° N. lat to 2° N. lat, but between this and 5** S. 
lat. the winds retain for the most part their North-easterlj direction 
and are associated with a good deal of rain. Between the 5° S. and 
25° S. the South-east Trades blow steadily, as a rule, during these months. 
From the end of June to the beginning of October the North-east Trade 
Wind is met with in about 25° N. lat, and extends south of the Equator. 
During these months very little rain is experienced near the Equator, 
and it is difficult to define the southern limits of the North-east Trades 
and the Northern limits of the South-east, as they merge into one another 
without interruptiqj), and south of the 5th parallel to the 20*" S. the 
latter blows very steadily. 

During October, November, and December the North-east Trades 
extend from about 30° N. to 3° N. on the Canadian- Australian Route, and 
the Soutli-east Trades from about the latter parallel to 23° S. during 
October and part of November ; but during the latter half of November 
and in the month of December the Easterly wind has frequently more 
Northing than Southing in it, and the weather is, as a rule, squally and 
unsettled. At all times the belt of calms and variable winds between 
the North-east and South-east Trades is far more circumscribed in its 
limits than those of the corresponding belts in the Atlantic and Indian 
Oceans, and, as before stated, during July, August, and September it can 
hardly be considered to exist 



DISCUSSION. 

The President (Dr. C. Theodore Williams) said he wished to thank Capt. 
Hep worth for his valuable and interesting paper. 

Commander W. F. Caborne, C.B., said that as he had never navigated the 
particular waters dealt with by the lecturer in his paper, hid remarks would 
necessarily be of little value. At the same time, it was a fact that a heavy 
swell was frequently met with in different parts of the world, which was not 
found to l^e the precursor of winds. Capt Hepworth's remarks regarding swell 
after a breeze were curious, and this point would seem to call for further 
investigation. 

Mr. E. D. Archibald said he had twice taken the journey between Fiji and 
Hawaii. It was an interesting part of the world, and in the Pacific conditions 
were less circumscribed by land than anywhere else, and consequently the Trade 
Winds were more free and less interrupted by doldrums. With regard to the 
question of the swell following after the wind, it was no doubt quite possible 
that if the swell were the result of vibrations set up by the wind they should 
emanate from the centre of the disturbance, but it was certainly remarkable 
that they should have the power of spreading in the reverse direction to their 
apparent motion of translation. While at Hawaii, he (Mr. Archibald) had met 
Mr. Lyons the director of the U.S. Weather Bureau Service there, who had 
I)articularly drawn his attention to the imique advantages possessed by a volcano 
named Halcakal^ on the island of Maui. This moimtain was an ideal position 
for taking observations of the trade winda It was an isolated cone rising 
10,200 feet alx)ve the sea-level, and a good comparison could thus be made 
between the anti-Ti-ade Winds and the lower currents. This he (Mr. Archibald) 
had suggested to the American Weather Bureau. The temperature of Hawaii 
was much lower than that of Fiji, the mean being 74**, and the island never felt 
too hot, although it was in the same latitude as Bombay. In crossing the Equator 
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in the Pacific the belt of warmth was hardly noticeable, which was very different 
from the crossing in the Atlantic and Indian Oceans. The Trade Wind was 
generally distinguishable by its regularity. In the Monsoon months the Trade 
Winds shown on Capt. Hepworth*s charts had a distinct deflection southwards 
towards the Australian land area similar to what occurred in a reverse direction 
towards Asia in the Indian Monsoon months. 

Mr. W. H. Dines said he did not consider that there was anything 
remarkable in the wave disturbance travelling backwards against the wind ; for 
if a stone were thrown into the water the ripples spread out on all sides, and 
why should not this be the case for waves that were caused by other means ? 
He would like to draw Capt. Hepworth's attention to a very common example 
on the English coast There was often in summer, with continuously calm 
weather or light Westerly winds, a heavy ground swell on the north-east coast 
of England, and this could nearly always be traced to a gale on the Norwegian 
coast The swell was of very common occurrence, and was not looked upon by 
the fizshermen as a sign of bad weather, probably because of the well-known fact 
that in temperate latitudes a barometric depression with its accompanying 
strong winds seldom travels from east to west. 

Capt D. Wilson-Barker remarked that he agreed with Capt Hepworth 
and Capt Cabome with regard to the prevalence and curious nature of the 
swell, and thought it was due entirely to the propagation of the waves from 
centres of disturbance, for it must not be forgotten that the disturbances and the 
observ^ers were both in movement He had taken the trip once in a sailing 
ship, but had gone by the inner course through the islands, and had made a 
much quicker passsage than the other vessels that had taken the outer route. 
With regard to the smallnese of the doldrum belt, he could confirm Capt 
Hepworth's explanation by the exceedingly good conditions for extension of the 
Trade Wind& 

Capt M. W. C. Hepworth, in reply, said he was pleased to have heard the 
remarks of the Fellows. The temperatures for Hawaii in the paper were taken 
from Mr. Lyons's printed reports. With reference to the passages taken by 
vessels, he had sketched out tracks for different seasons, and they varied greatly 
according to the time of the year. Occasionally, the steamship track through the 
islands could be taken as Capt Wilson-Barker had done, with success, and he had 
in fact recommended it to be taken at certain seasons of the year. He thanked 
the Fellows for listening so patiently to his paper, which he had feared could 
claim but little interest for landsmen. 



Cnimatology of the Soxmblick Group. — Dr. Fritz Machajek contributed 
a paper on the climatology of the glacier region of the Sonnblick to the report 
of the Sonnblickverein for 1899, dealing specially with Eduard Hichter's observa- 
tions of the remarkably low level of the snow-line in the eastern part of the 
Hohe Tauem. The recent considerable developments in the system of observa- 
tions, especially the increase in the number of summit stations, has provided a 
large quantity of new material. The glaciers cover, or covered in 1871, an 
area of 16 square kilometres (6*2 square nules) on the north side of the gronp, 
and about half as much on the south side. The mean elevation of the glaciers 
on the two sides is 2680 metres (8800 ft) and 2730 metres (9000 ft) respec- 
tively, the same as the position of the " climatic " snow-line. Above this level, 
say 2700 to 3100 metres (8900 to 10,200 ft), lie the catchment basins of the 
glaciers. Calculating from the rainfall, the yearly increase in thickness corre- 
sponds to from 14 to 17 metres (46 to 56 ft) of freshly-fallen snow — as much 
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as Heim allows for the Western Alps, and twice as mucli as yon Schlagintweit 
estimated at a time when few observations at high-level meteorological stations 
existed. The annual mean of temperature is + 0*'-l C. (32**-2 F.\ and the 
summer mean 7** C. (44''*6 F.), at an elevation of 2200 metres (7200 ft) ; at 
2700 metres (8900 ft.) the summer mean is 3"-6 C. (38*-6 F.) ; and at the top 
of the Sonnblick, 3106 metres or 10,190 feet, the annual mean is — 6"*! C. 
(21* F.\ summer mean 4-0' 4 C. (32' 7 F.). The new observations confirm 
Hann's supposition that the level of the snow -line changes from month to 
month within comparatively narrow limits. The lower edge of the snow 
covering the temporary snow-line rises from 1400 to 1600 metres (4600 to 
5200 ft) in April, to 2400 to 2700 metres (7900 to 8900 ft.) in July ; and 
snow disappears from the valley slopes almost entirely in August The rule 
that the snow limit rises towards the centre of the mpuntain mass holds good for 
the temporary as well as for the climatic snow-line. Slopes with southerly 
exposure are specially favoured ; they are clear of snow half the year up to 
2000 metres (6600 ft), and for 140 days to 2400 metres (7900 ft), while 
northerly exposures are only clear for 60 days at the same elevation. The 
proportion of snow removed from the "Fini" region by melting, estimated 
from the air temperatures above freezing, is markedly greater in the glaciers 
exposed to the south than in those exposed to the north, notwithstanding similar 
precipitation and mean temperatures — a significant example of the importance of 
this element The cause of the low level of the climatic snow-line — 2700 metres 
(8900 ft) — is therefore primarily the abundant precipitation, which favours lai^ 
Fim deposits ; but the low summer temperature, preventing extensive melting 
of snow, is also an important factor. Great local variations of level — 2600 to 
2900 metres (8500 to 9500 ft.) — are due to the conditions of exposure and the 
shadows thrown by the mountain masses. — Geographical JoumaL 

Temperature of the Pree Air. — " The Temperature of the Free Air " is the 
title of a paper communicated by Dr. Hergesell to Part V, of Petermann's Ota- 
graphische Mitteilungen, We have frequently referred to the great Importance 
of this subject and to the valuable work performed by Dr. Hergesell in organis- 
ing ascents of manned and free (or umnanned) balloons, and in discussing the 
results of the observations obtained. In the present paper he collects and 
discusses the most recent materials, and deals especially with the daily range 
and the vertical decrease of temperature in the upper strata of the atmosphere. 
The observations show that even at a height of a few hundred metres there 
is a very small diurnal range : at night-time it amounts, in some ascents, to 
only a few tenths of a degree, and in the day-time, at about 800 metres, to 
some 3** or 4** centigrade, when solar radiation is unobstructed. On cloudy 
days, and in the mean values, the daily amplitude is much less. With respect 
to the vertical decrease of temperature, the results of thirty sets of observa- 
tions show that in all levels up to 10,000 metres an extremely varying 
temperature obtains, according to the season of the year and the conditions of 
weather. The decrease at that height reached or exceeded 40' C. in all cases, 
but no fixed rule could be laid down as to the regular decrease with altitude. — 
Nature, July 12, 1900. 
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THE ETHER SXJNSHINE RECORDER. 

By W. H. dines, B.A., F.R.MetSoc. 

[Read March 21, 1900.] 

Since there are already two sunshine recorders in common use in England, 
it may seem superfluous to describe another ; but as I have had a diflerent 
kind of instrument in use for four years, which possesses the advantage of 
requiring very little expense to keep it going, I have thought it well to 
give this description of it. 

The instrument is an electrical one, and consists of two parts — the one 
to be exposed to the sun ; the other, which registers on ordinary paper the 
amount of sunshine, to be put indoors in any convenient position. With- 
out entering into 4etails, the parts may be described thus : — 

The sun shines upon a bent glass tube, one end of which is blackened. 
The tube contains a small quantity of mercury and some ether, but is com- 
pletely exhausted of air. The result of the sun shining upon this tube is 
that the blackened end is warmed more than the other, the pressure of the 
ether vapour in this end is therefore greater than in the other, and the 
mercury, which naturally lies in the bottom of the bend, is driven away 
from the blackened end. The tube being mounted in a metal holder, 
which can turn a short distance on pivots, the change of position of the 
mercury overbalances the holder, which fdls over, and is stopped by an 
electric contact piece against which it falls. When the sun ceases to shine, 
the mercury returns to its lowest position, and the holder also returns to 
its normal position. 

The metal holder which contains the glass tube is in metallic connection 
with an electric battery, and the result may be summarised thus : — 

When the sun is shining the battery is in connection with an insulated 
wire which we may call the " sunshine 'wire " ; and when it is not shining 
the battery is in connection with another wire, the *' non-sunshine wire." 

These two insulated wires and the return circuit, in which the battery 
is placed, run from the sunshine recorder to the registering apparatus. 

The registering apparatus consists of a clock drum mounted on a 
spiral ; the drum makes a complete turn each day, and also drops about 
. one-sixth of an inch. It runs for a week, and requires a fresh paper and 
winding only weekly. The registration is effected by a siphon pen on 
ordinary paper, the pen being on the paper when the sun is shining, and 
not on the paper when the sun is not shining. This is effected by two 
electro -magnets round which the "sunshine" and the "non- sunshine" 
wires are coiled. When the current passes through the " sunshine " wire 
and magnet, the pen is pressed on the paper; when the current goes 
through the other magnet, the pen is withdrawn from the paper. 

To save battery power the following arrangement is added. The " sun- 
shine" wire has a break in it, but this break is bridged over by the 
mechanism which carries the pen in such a manner, that when the pen is 
not on the paper the break or gap in the wire is bridged over, but the 
bridge fails just before the pen reaches the paper. Thus on the sun 
beginning to shine, a current passes round the sunshine magnet, and draws 
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over the pen ; as soon, however, as the pen is over, the circuit is broken, 
and the current ceases, but the pen remains in contact with the paper. 
A similar arrangement is introduced into the " non-sunshine " wire, llius 
the battery simply shifts the pen, and has no time to run down ; and a 
single Leclanch^ cell, value about Is., will work the apparatus for two 
or three years. 

The week's trace consists of a series of parallel lines lying over each 
other on the paper. The time of sunshine for any given day is obtained 
by adding up the total length, just as in the Campbell-Stokes or Jordan 
recorders, but the beginning and the end of the trace are always perfectly 
definite. 

The advantages of this instrument seem to me to be : — 

1. The very trifling expense and trouble in the use of the instru- 
ment) since the record is on common paper, and only 52 instead of 365 
sheets are required per year. 

2. The recorder itself can be put on a pole, since when once set it 
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requires no attention, and thus the trouble of finding an unshaded spot 
can be partially avoided. 

The necessity for a clock is certainly a disadvantage, since no clock 
can equal the sun itself as a timekeeper. The use of electricity is in 
some ways objectionable ; but considerable experience has convinced me 
that the trouble that so often accompanies its use in meteorological 
instruments is due for the most part to faulty design. If the contacts 
are of platinum ; if the magnets are arranged, as they easily may be, to 
work with small battery power; and if the design is such that it is 
practically impossible for the circuit to remain on and the battery run 
down, then there is not, as a rule, any trouble. 

There is one other point about this instrument, perhaps the most im- 
portant of all, which must be mentioned. The instrument can be made 
to register any degree of sunshine, or more strictly of sun-heat ; if, how- 
ever, it be made to register when the sun is low down or half hidden in 
a bank of cirrus cloud, it will also register in summer when the sun is 
high and almost or quite hidden by fog, or low thin cloud. 

The point, however, at which registration commences is settled by the 
maker, and cannot be fairly altered by the observer. What this precise 
point should be is more or less a matter of opinion. The instruments 
made by Mr. Casella are designed to agree with the Campbell-Stokes re- 
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corder, since, whatever my own opinion on this point may be, I consider 
that uniformity in meteorological observations is of more importance than 
anything else. There is no difficulty about testing the similarity of one 
of these instruments to a standard. It is easily done by placing it in 
a room of given temperature, and at a given distance from a standard 
source of heat, such as a candle, or blackened copper globe of a definite 
size containing boiling water, and noting how long it takes for the tube 
and holder to fall over, or preferably, how far off the standard source of 
heat must be, so as to make the holder just, but only just, fall over. 



DISCUSSION. 

The President (Dr. C. Theodore Williams) thanked Mr. Dines fer his 
admirable paper and expressed the appreciation of the Society for his very 
ingenious instrument 

Capt D. Wilson-Barker inquired whether Mr. Dines had experienced any 
difficulty owing to the heat caused by the glass globe over the instrument 

Mr. R Bentlet — while recognising the advantage of the electrical attach- 
ment when the recorder had to be placed on a roof, or out of easy reach of 
examination — inquired whether Mr. Dines would issue the instrument in an 
alternative form for use in ordinary positions. In this last case it might be 
practicable to attach the recording pen to the tilting (or expansion) chamber 
impinging directly upon the cylinder revolving by clockwork. This would 
obviate any risk from batteries running down, and also, by the simplification of 
the instrument, reduce its cost under ordinary conditions — the electric attach- 
ment being reserved for special use. 

Mr. R H. Curtis said there were two points about Mr. Dines's instrument in 
which it possessed a decided advantage over either of the sunshine recorders at 
present in use. The first of these lay in the fact that the recording portion 
could be placed indoors in any convenient position, and at any reasonable dis- 
tance from the exposed part, so that the difficulty of changing cards each night 
in what is in some cases an awkward, or even a dangerous, position is entirely 
obviated ; whilst the second point is found in the compactness of the record, 
since the trace for seven days occupies less space and is more readily stored than 
the Campbell-Stokes record for one day. This latter advantage specially 
appealed to the speaker, because he had to face each year the difficulty of finding 
storage space at the Meteorological Office for the cards from a large number of 
stations; and when it is remembered that for each station there are 365 cards 
of three different shapes, it will be readily seen that the additional space 
required annually is considerable. Mr. Dines had mentioned another point in 
favour of the instrument which, however, the speaker did not think was an un- 
qualified advantage, namely, that " the end of the trace was always perfectly 
definite." That was so, but on the other hand it should be said that the trace 
affords no indication whatever of the intensity of the solar heat, which the 
Campbell-Stokes instrument does give at any rate to some extent ; and, after all, 
the gradual tapering off of the record of the latter at sunrise and sunset, and its 
varying width at other times of the day, speaks to a phase of the phenomenon 
which is not without some value. But in the speakei^s judgment a really grave 
drawback to the instrument lay in the danger there was of its being made to 
suit the requirements of those who asked makers for the instrmnent which 
would yield the largest record of simshine for the district in which they were 
interested. He was afraid, speaking from experience, that there were those 
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who, whilst they would not fklsify an observation, were yet quite content to 
quote results yielded by a peccant instrument It was a point very strongly in 
favour of the Campbell-Stokes recorder, and possessed by no other, that if the 
instrument fulfilled the conditions which had been already laid down for.it, it 
supplied a definite standard which could scarcely vary, and which secured 
practically the uniformity of result it was so desirable to get These conditions 
were that the lens should be of crown glass, 4 inches in diameter, and 3 lbs. in 
weight, and that it should be properly mounted and adjusted in a bowl made to 
fit it Such a lens will not record the faintest sunshine ; but whenever the 
sun's rays acquire a certain minimum power a record will be made, and that 
minimum is sufficiently low to embrace all sunshine of any practical value. 

Mr. R D. Archibald said he thought that the glass cover would probably 
store up the heat, and might possibly make the instrument register even dark 
heat as well as sunshine. Mr. Blanford used to say that two similar solar 
radiation thermometers with black bulb in vacuo^ placed side by side, would 
occasionally give results differing by as much as 10^ These instruments, which 
were very ingenious, might be liable to similar errors. 

Mr. F. C. Bayard said he thought that the clockwork arrangement, by which, 
by the descent of a small space each day, the traces were arranged directly over 
each other, was an extremely good one, and greatly superior to most clockwork 
mechanisms. Mr. Dines had said that the instrument could be made to agree 
with the Campbell-Stokes recorder, or even made to register just as one pleased, 
and it would be a very good thing if a proper standard were determined and 
each instrument tested and set in a laboratory before being issued. There were 
several difficulties in connection with the Campbell-Stokes recorder, and recently 
two of the balls in London had come to grief, and probably some of the Fellows 
present had examined the curious markings on the Greenwich globe, no doubt 
caused by atmospheric impuritiea Mr. Dines placed his apparatus under a glaas 
cover, thereby ensuring it being kept clean. He wished to know whether the 
apparatus would be likely to deteriorate, say after being ten years in use. One 
great advantage of the instrument was that it could be placed in any position, 
while the recording part could be kept in the house. 

Mr. R Stanley Clarke inquired whether electrical disturbances were likely 
to affect the instrument. 

Mr. W. H. Dines, in reply, said that there were two reasons for the glass 
cover. It was necessary for protection from the wind, and, being fixed on, it 
prevented any one from tampering with the instrument Glaas did not 
obstruct the direct rays of the sun, so that he did not think it should make 
any practical difference. As it had been pointed out, the electrical regis- 
tration could be avoided, but as a matter of fact he (Mr. Dines) had used the 
instrument for several years and experienced no trouble from the electrical part 
He fully agreed with the remarks made by Mr. Curtis ; but, after all, one must 
trust to the honesty of the obeen'^er. All returns might be falsified ; in the 
photographic recorder much depended on the sensitiveness of the paper, and 
recent experience had shown that the diathermancy of the glass ball of the 
Campbell-Stokes was not, at least in large towns, imalterable. Periodical 
inspection was doubtless necessary for sunshine recorders, as well as for other 
meteorological instruments. 
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COMPARISON BY MEANS OF DOTS. 

By ALEX. B. MacDOWALL, M.A, F.RMetSoc. 

[Read March 21, 1900.] 

There is a simple method of representation by means of dots (a develop- 
ment of the graphic method), in which a dot is used to indicate two 
things : one by its relation to the line of abscissae, the other by its relation 
to the line of ordinates. Thus two numerical series may be easily compared. 
Two lines may be drawn, one from each scale, to represent the two 
averages. These, crossing at right angles, divide the space into four 
parts, and the dots in these rectangles may then be counted. 

This method, which does Mi seem to have been much used by 
meteorologists, is capable, I think, of many useful applications. If to 
some minds it presents a little initial difficulty, this may be soon over- 
come by familiarity and practice. I propose to submit to the Society a 
few examples of the method for consideration and criticism. These are 
all drawn from one field of investigation, viz. that relating to our winters 
and summers in London (Greenwich) since 1841. 

I. Comparison of the number of frost days with that of hot days {max, temp, 
80° or more) in each year. 

Here we use the line of abscissie for the frost days, and that of 
ordinates for hot days. The average of the former is 65 ; that of the 
latter 15; and from the corresponding points in the two scales two lines 
are drawn which cross at right angles. We may call the two upper 
rectangles a and &, and the two lower c and d. The first year, 1841, had 
62 frost days and only 2 hot days. So, finding the point where a vertical 
line from 62 in the upper scale and a horizontal one from 2 in the lateral 
scale meet, we put a dot there. The same with other years. The 
number of dots in each rectangle is indicated at the outer comer, and 
their significance below the diagram (Fig. 1).^ 

Premising that the few remarks made on each diagram are merely by 
way of suggestion, not of full discussion, we may proceed to note the 
following features in this first diagram : — 

1. The six hottest summers (over 27 hot days) all occurred in mild 
years (frost days under average). 

2. Seven out of the nine coolest summers (6 hot days and less), were 
in cold years (frost days over average). 

3. The rarity of a hot summer in a cold year may be put thus : — 
There were 27 cold years, and 22 of these had summers with less than 
18 hot days (15 being the average), while only 5 summei-s had more than 
18. These five summers, curiously, come very close together in number 
of hot days. They are as follows:— 1847 (26 hot days), 1858 (26), 
1870 (27), 1887 (27), and 1895 (26). 

A mild year may have a hot or cool summer indifferently, but (unlike 
the case of cold years), the summer may be extremely hot (say over 27). 
As a practical deduction from what has been said, if great cold in the 

^ In the diagrams as originally drawn cross-ruled paper was used ; but the lines are here 
omitted, in order to show the distribution of dots more plainly. 
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early part of the year is followed by a hot summer, the cold in the end 
of the year is likely to be under average. 



II. Comparison of the number of hot days (80'' or mare) in a summer season 
with that of frost days in the winter following {September-MoA/). 

The line of abscissae here measures the former, and the line of 
ordinates the latter (Fig. 2). Averages as before. 

1. The rarest case here is evidently a hot summer followed by a 
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a. Winter half mild. Summer cool — 16 
c. Winter half mild. Summer hot — 14 



b. Winter half cold, Summer cool — 15 
d. Winter half cold, Summer hot— 8 



severe winter (7 instances) ; and the most frequent a cool summer 
followed by a severe winter (18 instances). 

2. A hot summer has been followed by a mild winter more than twice 
as often as by a severe winter (16 to 7), and a cool summer by a severe 
winter more frequently than by a mild one (18 to 12). It is curious, 
however, that 3 out of the 4 hottest summers have been followed by 
severe winters. 

3. This statement may be made : — There are 27 cold winters, and 22 
of these were preceded by summers having not over 1 6 hot days : only 5 
by summers with more than 1 6 hot days. 
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III. Comparison of the number of frost days in tointei' {September' to May), 
wUh rainfall in the summer following {May to August), 

The averages here are 55 frost days and 8*75 ins. rainfall 

1. Five out of the six wettest summers (over 13 ins.) were preceded 
by severe winters, and eight out of the twelve driest summers]^(under 6 
ins.) were preceded by mild winters (i.e. 2 out of 3). '' '^\?i 

2. A severe winter may be followed by a wet or a dry summer (over 
or under average), almost indifferently, and the summer may be extremely 
wet. On the other hand, a mild winter is nearly twice as likely to be 
followed by a dry summer as by a wet one (19toll). A rainfall over 
10 ins. is here very improbable (5 cases in 30) ; and in no case with less 
than 43 frost days has the summer rainfall exceeded 10 ins. 
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a. Cool Summer, mild Winter — 12 
c. Cool Summer, severe Winter — 18 



b. Hot Summer, mild Winter— 16 
d» Hot Summer, severe Winter — 7 



IV. Comparison of the number of frost days in the later half of the yeur 
with that in the first half of the follounng year. 

The averages are here 18 and 38 respectively. 

1. It will be seen that the instances in which the two halves have 
been similar (both severe or both mild), viz. 39, are just three times as 
numerous as those in which tliey have been different, viz. 13. 

2. The rarest case is a mild second half followed by a cold first half. 
There have been only five instances of this ; while the sequence, cold 
second half, mild first half, has occurred eight times. 



V. Comparison of the cold {frost days) in thirty successive first halves of 
the year with the first half following in each case. 

This diagram apparently illustrates the principle of compensation in 
weather. After a long time of one kind of weather we expect, in a-vaguo 
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way, some of the opposite kind to restore equilibrium. Perhaps the 
principle might be utilised to obtain some light on the character of 
coming seasons. We may compare a pretty big "block" of cold, say 
the total frost days in thirty consecutive winters, with the total frost 
days in the winter just following. In the present case we select the 
total frost days in the first half of the year, and proceed thus. We add 
the frost days in the thirty first halves of (a) 1841-70, (b) of 1842-71, (c) 
of 1843-72, and so on ; then compare the first of these sums (a) with the 
total frost days in the first half of 1871, the second (b) with the same in 
1872, the third (c) with the same in 1873, etc 

Using the al^cissse for the larger set of values, having an average of 
about 1100, and the ordinates for the smaller (avjerage 38), we put 
dots as before. The dots here are not very numerous (29 in all), and 
therefore do not warrant a very confident statement ; but so far as they 
go, we see that in general the cold thirty-year groups tend to be followed 
by mild first halves, and the mild thirty-year groups by cold first halves. 
Thus : (1) Of twelve thirty-year groups with more than 1100 frost days, 
only two were followed by cold first halves. (2) Of nine thirty-year 
groups with less than 1090 frost days only one was followed by a mild 
first half. 

Should a more copious supply of data present the same kind of dot 
distribution as that here shown, it seems as if one might obtain some clue 
as to the limits, at least, within which a coming winter would probably 
fall 

As to the current season (Feb. 20, 1900), the total frost days in the 
30 first halves ending 1899 is 1099, and looking at the diagram we 
might at least, I think, perceive that an extremely severe season was 
improbable. 

VI. Comparison of total frost days in thirty successive tdniers {December- 
February) with frost days in the following winter. 

This is merely another example of the kind of comparison just con- 
sidered, the data being those for winter proper ; and the results, which 
appear to be of the same order as above, need not be here enlarged upon. 

These diagrams may suflBce to show the general scope of the method ; 
and while it might have been better, on some accounts, to have recourse 
to a variety of subjects widely apart, what has been said may perhaps 
prompt some students of weather among us, to whom the method may be 
new, to try its capabilities on some more of the numberless subjects to 
which it may be applied. 
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PROCEEDINGS AT THE MEETINGS OF THE SOCIETY. 



March 21, 1900. 

Ordinary Meeting, 

Dr. C. Theodore Williams, President, in the Chair. 

Charles Henry Alderson, EflBngham, Woodridings, Pinner ; 
Frederick John Barclay, Vronvelin, Lovelace Road, Surbiton ; 
Rev. Herbert Arnold Boys, M.A., North Cadbury, Somerset ; 
John Charlton, Denton House, Low Road, Carlisle ; 
Alexander Mitchell Dawson, Shu-le-Crow House, Keswick ; 
Capt William A. Dobie, New Lodge, Ryde, Isle of Wight ; 
Ambrose Thomas Flagg, M.A., Westoe, South Shields ; 
Thomas James Gdilbert, Colborne Villa, Rohais, Guernsey ; 
William Ainge Gunner, Ashleigh, Taunton ; 
Percy Craven Hall, M.A., The Nook, Gateacre, Liverpool ; 
George Howard Harrison, J. P., Thoi-nton, Ryde, Isle of Wight; 
Charles Paget Hooker, L.RC.P. Ed., Dollarward House, Cirencester ; 
Donald W. Horner, 82 New Park Road, Clapham Park, S.W. ; 
Cecil Edward Maples, Aughton Springs, Ormskirk ; 
Frank Johnstone Mitchell, F.G.S., Llanfnechfa Grange, Caerleon ; 
Thomas Prichard Newman, Hazelhurst, Haslemere ; 
Henry Hamilton Palairet, J.P., Caltistock Lodge, Dorchester ; 
Sir Jambs Rankin, Bart, M.P., Bryngwyn, Hereford ; 
M. B. Subha Rao, RA., The Observatory, Madras ; 
Henry Rofe, M.Inst.C.E., 8 Victoria Street, S.W. ; 
Henry John Rofe, M.A., F.G.S., 8 Victoria Street, S.W. ; 
John William Shepherd, Settle ; 
Edward Simpson, J.P., Walton Hall, Wakefield ; 
John Tertius Southall, J. P., Parkfield, Ross ; 
George Weller, J.P., The Plantation, Amersham, Bucks ; 
Arthur J. Wilmshurst, 6 Albany Road, Manor Park, E. ; and 
George Alexander Yool, Field Place, Wey bridge, 
were balloted for and duly elected Fellows of the Society. 

Monsieur Albert Lancaster, Royal Observatory, Uccle, Brussels ; and 
General Mikhail A. Rykatchefp, Central Physical Observatory, St. 
Petersburg, 
were balloted for and duly elected Honorary Members of the Society. 

The President stated that he had to announce with deep regret the death 
of Mr. G. J. Symons, F.RS., which occurred on March 10 (see p. 159). 

The following communications were read : — 

"Remarks on the Weather Conditions of the Steamship Track 
between Fiji and Hawail" By Capt M. W. C. Hepworth, F.RMetSoc (p. 236). 

"The Ether Sunshine Recorder." By W. H. Dines, B.A., F.R.Met8oc 
(p. 243). 

"Comparison by Means op Dots." By A. B. MacDowall, M.A., 
F.RMet.Soc. (p. 247). 
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Kite Experiments at Blue Hill Meteorological Observatory. — At the 

Blue Hill Meteorological Observatory, on June 19, a kite used in the exploration 
of the air was sent up to the height of 14,000 feet, thus exceeding the greatest 
height previously obtained there by 1440 feet The temperature at this 
height was 15" below freezing-point, the wind velocity was about 25 miles an 
hour from the North-east, and the air was extremely dry, although clouds 
floated above and below that level. The kites remained near the highest point 
from 5 to 8 p.nL On the way down the kites passed through a stratum of thin 
ragged clouds at the height of 1^ mile. These were moving with a velocity 
of about 30 miles an hour. At this time the wind at the Observatory, about 
600 feet above the general level of the surrounding country, had fallen to a 
calm. The highest point was reached with 4^ miles of music wire, as a flying- 
line, supported by five kites attached to the line at intervals of about three- 
quarters of a mile. The kites were Hargrave, or box, kites of the improved form 
devised at the Observatory. They have curved flying surfaces modelled after 
the wings of a bird. The three kites nearest the top of the line had an area of 
between 60 and 70 square feet each, and the two others about 25 feet each. 
The total weight lifted into the air, including wire, instruments, and kites, was 
about 130 lbs. 

Vertical Gradients of Temperature, Humidity, and Wind Direction. — 

A preliminary report by Mr. H. C. Frankenfield on the U.S. Weather Bureau 
Kite Observations of 1 898 has recently been published. This paper discusses 
]irobably the largest amount of free air meteorological observations ever taken 
within a like space of time over so large an area, and adds to the general know- 
ledge of temperature and hygrometric conditions of the lower levels of the air. 
An introductory chapter on the Kite Meteorograph, Construction and Operation, 
is added by Prof. C. F. Marvin. 

Kite ascensions were commenced at seventeen stations in April 1898, and 
were continued to November 1898, but only those for the months of May to 
October inclusive have been used for the preparation of this report. 

Temperature conditions at all elevations and under varying conditions of 
weather and time have been computed in terms of the gradient in degrees 
Fahrenheit for each 1000 feet, and the increase of elevation necessary to cause 
a fall of 1** in the temperature. The mean results are only given to degrees 
per thousand feet. Attention has also been devoted to the question of wind 
directions, relative humidity, and vapour pressure. 

The results may be summarised as follows : — 

Temperature. — The mean rate of diminution of temperature with increase of 
altitude, as determinal from 1217 ascensions, and 3838 observations, taken at 
elevations of 1000 feet or more, was 5*'-0 for each 1000 feet, or 0**'4 less than 
the true adiabatic rate. The largest gradient, V'4 per thousand feet, was found 
up to 1000 feet, and thereafter there was a steady decrease up to 5000 feet, the 
rate of decrease becoming less as the altitude increased. The gradient up to 
5000 feet was 3***8 per thousand feet. Above this altitude there is a tendency 
toward a slow rise, but the lack of a sufiicient number of observations above 
6000 feet forbids a definite statement to that eflfect. The morning gradients 
were also greatest up to 1000 feet^ and least up to 5000 feet, and the rate of 
decrease was about the same as the mean rate, the curves showing a very close 
agreement in this respect The average morning gradient was 4''*8 per thousand 
feet The afternoon gradients were larger, but not decidedly so, the average 
value being 5'''8 per thousand feet The greatest rate of decrease is still found 
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at 1000 feet, and the least up to 5000 feet, if the few observations at 7000 feet 
are not considered as of equal rate. 

Relative Humidity, — The relative humidities at and above the surface of the 
earth differed but little except at 7000 feet, where the surface humidity was 
1 1 per cent less than that above. With this exception, the greatest difference 
was 3 per cent, and, except at 2000 and 8000 feet, the upper air percentages 
were the lower. The mean result obtained from all the observations showed 
60 per cent at the surface and 58 per cent above — a difference of 2 per cent. 

The stations at which there were marked differences were Washington, 
where the mean difference was 14 per cent ; Omaha, where it was 29 per cent ; 
Springfield, IlL, where it was 21 per cent ; and Fort Smith, where it was 12 
per cent — the surface humidity being the higher, except at Fort Smith. At the 
remaining thirteen stations, except Lansing, the upper air humidity equalled or 
exceeded that at the surface, but the difference at no place exceeded 10 per cent. 
At nine stations the difference was 5 per cent or less. 

Vapour Pre&swre, — The vapour pressures are expressed in percentages obtained 

by the formula —s, in which p represents the vapour pressure at any given 

altitude, and p* that observed simultaneously at the earth's surface. The mean 
of the percentages thus obtained was 59, and there was a steady, though not by 
any means uniform, decrease with increase of altitude. The percentage at 1500 
feet was 82, and at 8000 feet 44. The decrease was most rapid between 2000 
and 5000 feet, where it averaged 9 per cent for each 1000 feet The decrease 
between 5000 and 6000 feet was only 3 per cent, while between 6000 and 
7000 feet it was 10 per cent The lowest percentage (62) was found at Omaha, 
and the highest (77) at Pierre. 

Tule Fog. — In our search for local meteorological terms not widely known, 
but sometimes worthy of broader usage, we have come upon the expression 
" tule fog " as used by Mr. M'Adie in a recent number of the Report of the 
California Section. 

According to the botanical dictionary, "tule" is a species of bulrush 
occupying large areas of swamp and overflowed bottom lands in California. Of 
course, therefore, we infer that " tule fog " is meteorologically equivalent to 
fogs over marshes and swamps, or the fogs of the lowlands and the valleys. It 
is essentially due to the cooling by radiation during clear nights. At first the 
vegetation cools by its own radiation ; then the adjacent air cools by contact 
with the leaves and branches; after this cool air has settled quietly to the 
ground it cools still further by its own radiation and by contact with the 
cooling grass and leaves until fog is formed ; the particles of fog then cool by 
their own radiation, and thus the layer of cold air grows upward, and the fog 
grows higher and higher until a little after sunrise. 

Observers who look down upon such marshes and valleys from elevated 
stations would do well to keep a record of the depth of the accumulated layer 
of fog by noting the points that are still uncovered at its upper edge. — U,S, 
Monthly Weather Review, December 1899. 

Meteorological Charts of the Southern Ocean between the Gape of 
Good Hope and New Zealand. — The Meteorological Council have published 
a set of Meteorological Charts for the above district, which show for each month 
of the year the direction and force of the wind for areas of 3** of latitude by 10° 
of longitude ; also the barometrical pressure by isobars, and the temperature of 
the air and sea surface by isotherms. The regions of excessive range of sea- 
surface temperature are indicated by shading ; and the amount of fog is shown 
by percentages of the total number of weather observations, and also, graphically, 
by curvea The currents are given in separate Monthly Charts. 

T 
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The preparation of these Charts was carried out under the saperintendenoe 
of the late Lieut C. W. Baillie, who also made some remarks on the Charts. 

Barometer, — The broad features of the barometric sjstem exhibited on the 
Charts are the following : — 

1. An area of high barometer lies over the sea, between the AMcan 
Continent and Australia, throughout the jear. It alters its position, slightly, 
from month to month, and, generally, the central portion of the system, which 
is sometimes divided into two parts, is situated more to the east and south 
during the six months November to April than in any of the other month& 

2. Over the relatively small region of the Great Australian Bight^ there is 
also evidence of a seasonal variation in the distribution of pressure, but the 
changes are not so regular as over tlie open sea. In the summer montfafl, 
December to March, the barometer is lower over the land than over the sea, 
but during the winter the contrary is generally the case. 

3. In the Tasman Sea, the changes from month to month are of a much 
less defined and regular character than those to the westward. Usually, the 
barometer is highest over the northern parts of this region, anticydonic systems 
appearing in February and March. 

4. In the fax south the barometer is comparatively low throughout the 
year. 

Winds, — ^The winds of the Southern Indian Ocean are subject to very 
similar seasonal movements as the areas of high and low barometer. 

South of the parallel of about 35 ** S. the winds are mainly the result of 
cyclonic systems travelling to the eastward. As the centres of the depressions 
are generally far to the southward the resulting winds in the portion of the 
ocean shown on these charts are principally from the Western quarter. 

As in similar latitudes in the North Atlantic and Pacific, the actual track 
of the depression may be considerably to the North or South of East^ the rates 
of progression will vary, and the shape of the depression will greatly affect the 
veering of the wind, so that while one vessel may carry a wind from the West 
for great distances, another may experience constant shifts when comparatively 
small depressions moving in different tracks pass her in her course. 

The high-pressure areas being farthest north during the winter months, 
winds from points in the Western half of the compass generally prevail from 
May to November. Off the African coast, however. North-easterly winds are 
experienced in nearly all months, but they are least marked in June and July. 

As the high-pressure areas move southward the winds over the northern 
part of the sea, in the neighbourhood of about lat 30°, become more variable 
in direction. By December, however. North-easterly and South-easterly winds 
are increasing in frequency, and in the first three months of the year they are 
the prevailing winds between the 30th and 36th parallels of latitude. Thia is 
therefore the best period for attempting a homeward voyage round the Cape 
of Gfood Hope. The winds off Cape Leeuwin are also, usually, favourable at 
this time. 

In Apnl the Easterly winds, although still experienced, are not so prevalent, 
and they do not extend so far south as in the preceding months. In May they 
are north of lat 30°. 

In the Tasman Sea during the summer months, January to March, winds 
blow from every quarter of the compass, but off the Australian coast the 
prevailing winds are Northerly to North-easterly, and off Bass Strait and 
Tasmania South-westerly. On the New Zealand side of the sea, Southerly to 
Easterly winds prevail. During the remaining nine months of the year the 
winds over this region are very variable in direction. 

In all months, and practically all over the ocean, by far the greater pro- 
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portion of winds are those ranging in force from 4 to 7 of Beaufort's scale, 
and calms are comparatively rare. During the summer months light winds 
are common over the northern parts of the sea. 

Gales are not of frequent occurrence in January, and those encountered are 
mainly confined to the southern parts of the' sea, south of about lat 42°. 
As the year advances, however, they become more frequent and they are 
experienced farther north, until in June and July they are met with up to 
the 30th parallel. They then recede about as regularly southward towards the 
end of the year. 

Air Temperature, — The general distribution of air temperature is very 
similar to that of the sea water, being fairly uniform throughout the year in 
the neighbourhood of Eerguelen, while in the more northern latitudes there is 
a difference of about 10° between the summer and winter mean temperatures. 
Over these northern localities, however, the temperature of the air is generally 
lower than that of the sea to the extent of a few degrees. 

Fog, — Only the most northern parts of the sea are free from fog. South of 
about lat. 40°, over the western part of the sea, in the neighbourhood of the 
areas where the range of sea-surface temperature is great, fog is of frequent 
occurrence, amounting to as much as 10 per cent of the weather observations. 
South of New Zealand, from November to April, and also in August^ fog is 
often experienced. 

Sea Temperature, — The mean temperature of the sea surface, in the more 
southern latitudes, does not undergo any very important change during the 
year ; the temperature near Eerguelen being approximately 40° in all months, 
but farther north there is a greater variation depending on the season. 

From January to March the temperature of the sea surface off the west 
coast of Australia is about 5° lower than on the east coast, and the difference 
ranges from 6° to 10° in October, November, and December, but there is little 
or no difference during the six months April to September. 

The difference in the temperature on the western and eastern sides of New 
Zealand is less marked, but there is a general tendency for a somewhat higher 
temperature down the east coast of North Island, and lower up the east coast of 
Middle Island. 

Throughout the year the temperature off Cape Colony is about 10° lower 
on the west coast than it is on the east coast 

The regions of greatest range of temperature, 20° and upwards, are situated 
west of the 70th meridian, between the latitudes of about 39° and 46° S. In 
January, February, and March, areas of great range are also found along the 
south coast of Cape Colony, and in May there is a similar small area off Sydney, 
New South Wales. 
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British Rainfall, 1899. Compiled by H. Sowerby Wallis, RRMetSoc. 
8vo. 307 pp. 1900. 

This is the thirty-ninth consecutive volume of British, Rainfall, and is the 
first one that does not contain an article from the pen of the founder of the 
Rainfall Organisation, the late Mr. G. J. Symons, F.R.S. 

The number of perfect rainfall records published in this volume is 3501, 
being an increase of 86 upon the previous year. The rainfall for 1899 was 
again . greatly deficient The largest rainfall was at Ben Nevis Observatory, 
where the total fall amounted to 187*31 ins; ; the least rainfall was recorded at 
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Moulton, Norfolk, where the total only amounted to 17*31 ins. In addition 
to the rainfall statistics and notes on the meteorology of 1899, the ▼olome 
contains an Obituary Notice of the late Mr. Symons, and various papers and 
reports. 

Journal of the Scottish Meteorological Society. Vol. XII. Third Series. Nos. 
XV. and XVI. 8vo. 1900. 

In addition to the Reports of the Council and the meteorological tables for 
the years 1897 and 1898, this contains four papers, viz. — (1) "The Annual 
Rainfall of Scotland from 1800 to 1898," by Dr. A. Buchan, F.R.S. (33 pp) 
In the Journal, voL iii. pp. 202-211, there appeared a paper on the Annual 
Rainfall of Scotland, which contained a table giving the yearly totals at 47 
stations for the years from 1816 to 1870. In this paper yearly totals are dealt 
with, and the returns of 296 rainfall stations representing all districts of Scotland, 
during various terms of years from 1800 to 1898. These records extend from 
99 years at Rothesay to 19 years at some other stations. The results are given 
in two tables. It appears that in the years 1861, 1862, 1872, 1877, and 1882 
the rainfall was practically above the average over the whole of Scotland. In 
1872 the excess was very large, amounting to as much as 50 per cent and 70 per 
cent in various districts. The rainfall was practically under the average over 
the whole of Scotland in the years 1866, 1857, 1858, 1865, 1870, 1871, 1880, 
and 1885 to 1889. The rainfall was from 30 per cent to 60 per cent below the 
average over extensive areas in the years 1655, 1870, 1887, and 1889. At 126 
stations the year of maximum rainfall was 1872, and at 67 stations in 1877. 
These two years the rainfall of Scotland was much in excess of the average. 
The year of minimum rainfall occurred at 63 stations in 1887, 52 in 1870, 34 
in 1856, 17 in 1895, and at 14 in 1865, 1886, and 1889. The years 1856, 
1871,1879, 1880, and 1897 were also dry years. The variability of the rainfall 
from year to year ranged between one-fifUi to one-seventh of the average annual 
fall It was, on the whole, somewhat greater south of the Grampians than to 
the north of this range of mountains. — (2) ** Further results of Mr. Wragge's 
Ben Nevis Observations, taken in the year 1882. Humidity and Temperature 
Variability," by R. C. Mossman (6 pp.). The more prominent results (dealing 
with temperature, pressure, and rainfall) of Mr. Wragge's observations were given 
in a paper by Dr. Buchan on the Meteorology of Ben Nevis in voL vii. of the 
Scottish Meteorological Journal. In this paper Mr. Mossman discusses the vari- 
ability of humidity and temperature. The mean daily temperature variability 
has been computed from the Fort- William and Ben Nevis observations with a view 
to finding out how far the values of this element are affected by height. The 
variability or inter-diurnal change of temperature is quite distinct from the daily 
range of temperature, which is merely the difference between the highest and 
lowest readings, whereas the former is the difference between the temperature 
at the same hour on successive days, and may be said to measure the changeable- 
ness of the weather from day to day. From June to August there is a well- 
marked minimum of temperature variability in the early morning hours, and a 
maximum in the afternoon about 1 p.m. In September and October these con- 
ditions were reversed, the maximum occurring in the early morning or forenoon, 
and the minimum in the evening. As regards the influence of height on the 
variability of temperature, it cannot be said, from an examination of the data, 
that the variability at high levels on the mean differs much from sea-level values 
taken in the vicinity. It is well known that the variability of temperature 
increases as we proceed from the sea inland, as does also the daily range ; but 
in taking observations on a mountain we obtain the somewhat paradoxical result 
that, while the daily range of temperature steadily diminishes as we proceed 
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upwards, the variability of temperature at the various stations changes but little, 
if indeed it does not increase. As regards the daily range of variability at the 
hill stations little can be said, owing to the paucity of observations ; but in 
nearly every case, except in October, the observations indicate an increase as the 
day proceeds. This is probably due to the circumstance that a variation between 
the temperature of two days, brought about say by a change from cloudy to 
clear weather, would be much greater about noon than in the early morning, 
owing to the greater insolation which would then prevail. — (3) " Barometric and 
Thermometric Gradients between London and Edinburgh 1864-98," by R. C. 
Moesman (8 pp. and coloured plate). — (4) "The Temperature Correction of 
Barometers,'* by R T. Omond (1 p.). 

Maryland Weather Service, Vol. I. Svo. 565 pp. Baltimore. 1899. 

This is the first of a series of reports dealing with the climatic features of 
Maryland. Much work has already been done in the preparation of the sub- 
sequent volumes, and they will follow from time to time as the investigations 
are completed. 

The Introduction, prepared by Wm. Bullock Clark, and constituting Part I., 
is devoted mainly to a discussion of the plan of operation of the Maryland 
Weather Service, together with a recital of the facts connected with its organisa- 
tion. A history is given of the work and publications of the Service since 
May 1891, when the Bureau was established, as well as the scope of the proposed 
publications. 

The chapter on the Physiography of Maryland, which forms Part II., has 
been prepared by Cleveland Abbe, jun., and embraces a general statement 
regarding the more important physiographic features of the State. To this is 
appended a detailed discussion of stream development in the Piedmont Plateau. 

The report on the Meteorology of Maryland, which comprises Part III., is 
the joint work of Cleveland Abbe, F. J. Walz, and 0. L. Fassig, all of whom 
are members of the stafif of the U.S. Weather Bureau. (See note, p. 99.) 

The succeeding chapters, relating especially to Maryland meteorology, are pre- 
pared by Messrs. Walz and Fassig of the Baltimore Office of the U.S. Weather 
Bureau ; the former being the Local Forecast Official and Section Director of that 
Bureau as well as Meteorologist of the State Weather Service, while the latter, 
in addition to being a Section Director of the U.S. Weather Bureau, is also 
instructor in Meteorology in the Johns Hopkins University. The chapter by 
Dr. Fassig, which follows that of Prof. Abbe, deals with the history of the 
development of knowledge regarding Maryland meteorology from early colonial 
times to the present The final chapter, by Mr. Walz, is an exhaustive study of 
Maryland meteorology, based upon the records of past years. This work has 
required the critical examination of a vast amount of recorded data, in which all 
the members of the Baltimore Office have been engaged. 

Meteorologische Zeitschrift. Eedigirt von Dr. J. Hann und Dr. 6. Hell- 
MANN. April — June 1900. 4to. 

The principal articles are : — ** Das dynamische Princip der Cirkulations- 
bewegungen in der Atmosphare," von B. Bjerknes (12 pp.). This is the com- 
pletion of the paper noticed in the number for March. Prof. Bjerknes goes on 
in this to account for most of the atmospheric movements, such as Trade Winds, 
Monsoons, Land and Sea Breezes, Cyclones, and Anticyclones, by the existence 
of solenoids in the atmosphere, and gives diagrams illustrative of V-shaped 
depressions, etc. The whole paper deserves careful study ; but we can hardly 
expect the realisation of the Professor's dream, that as a result of the Conference 
at Stockholm last year, the different naval expeditions sent out to explore the 
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North Atlantic will include in their pentrnnd meteorologists fully provided witli 
apparatus for work in the upper atmosphere, we suppose by kites and captive 
balloons! — "Klima von New -Guinea," von Dr. A. v. I^nckehnan (8 pp.). 
A new work by Dr. Max Krieger, which has come out in the BtUioUuk dir 
Ldnderkundey gives Baron v. Danckelman material for a paper on the dimale 
of New Guinea, which is far fuller than anything yet in print The obeervations 
are irregular and scanty, owing to repeated interruptions by iUnesa. The coast 
of Kaiser Wilhelms Land is best represented. For Dutch New Guinea there 
is nothing but a few travellers' notes, except a short record from Geelvuik 
Bay. In the deficiency of information about all the East Indian Axchipekgo 
in general, any contribution like the present is most acceptable. Most of the 
statistics refer to rain. — " Klima von Luktschun, Centralasien," von A, Woeikof 
(10 pp.). The late Baron v. Tillo published, in the Camptes Rmdm of the Russian 
Academy for 1899, a paper on the climate of this district^ which is a depressed 
valley below sea-level in Eastern Turkestan. Its level is not quite certain, hot 
is assumed at nearly 400 feet below that of the sea. Prof. Woeikof proceeds to 
give an abstract of v. Tillo's results, and compares the climate with that of 
Death Valley, California, which is the r^on most closely resembling that under 
consideration. Death Valley is rather the more excessive climate of the twa 
The annual range of pressure is greater at Luktschun than anywhere else in the 
world, and the annual range of temperature is also greatest for the same latitude. 
The non-periodic changes of pressure and temperature are not great, and the 
same may be said of temperature variability. The paper winds up with tables 
for 1894 and 1895, and a comparison of data from the Azores so as to exhibit 
the contrast between typical continental and typical oceanic climates. — *' Der 
Luftdruck und die atmospharische Cirkulation in Asien," von A. Woeikof 
(5 pp.). This is a paper closely connected with the foregoing. Dr. Woeikof 
remarks that besides the Luktschun depression there are others among the 
mountain chains of Central Asia which allow of the efflux of air eastwards and 
westwards, as they in former years afforded passage to invading hordes. He 
says that these facilities for efflux probably render the pressure less excessive 
in winter than at Luktschun. He then argues that we really do not know 
much about the conditions of the whole central region of Asia, and urges the 
imi>ortance of systematic observations on the Pamir plateau, where levels are 
accessible which are comparable with those reached by balloons in the tem- 
perate zone. — " Wo ist der hochste Luftdruck der Erde, mit und ohne Reduk- 
tion auf das Meeresniveau ? " von A. Woeikof (2 pp.). This is a discussion of 
the question as to whether the sea-level reductions for Siberian stations are 
to be trusted, as the altitudes are unknown. He takes the reading of 31*84 ins. 
at Bamaoul as the best which has been reasonably accurately determined, but he 
says that at the Dead Sea, and also at Luktschun, both below sea-level, readings 
of about 31*97 ins. ought to be observed. — "Beitrage zur Frage der Ealteruck- 
falle im Mai," von V. Kremser (6 pp.). This is an attempt to settle the question 
of the cold days in May by the evidence of the Forest stations in Germany. 
The observations only extend for 17 years up to 1897. The present paper 
deals with 14 years' observations of minimum temperature at 1*2 metre above 
ground, and so nearly exactly at our 4 feet level. The observations were taken 
at Marggi'abow. For the period quoted, the predominance of cold nights from 
May 11-13 is most striking. It is, however, very remarkable that this 
particular interval of years is most favourable to the cold day theory at most 
stations in Germany ; but if a longer period is taken the figures do not at all 
support the theory so strongly. Tables are given at the end of the paper for 
Elaussen and Berlin, extending over 50 years, and from these it appears that 
at Klaussen the eleven years 1888-98, and at Berlin the decade 1878-87, were 
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more favourable to the theory than the other decades. — '' Eine einfache Methode 
zar BerechnuDg klimatologischer Mittelwerthe von Flachen/' von Dr. W. 
Meinardos (17 pp.). The author raises serious objections to the method of 
giving the arithmetical mean of all the rain values for a district as the real fall 
for that district, and the present paper is to prove the value of the interpolation 
method for the same object. For this method you require a correct map of the 
country, with the values and isohyetals inserted. On this you lay down a sheet 
of tracing millimetre paper, or a glass plate finely divided with rectilinear lines 
into squares. For the precise details of the work we must refer to the paper, 
but Dr. Meinardus assumes the process is very rapid and the results very satis- 
factory. — "Ein neues Barometer," von Dr. K. T. Fischer (18 pp.). This is an 
account of an instrument, called the " Pressure Aremometer," which Dr. Fischer, 
after seven years' work, has succeeded in bringing into a useable form for balloon 
ascents. This is a most important acquisition if it proves to possess all the 
advantages claimed for it. The final name of the apparatus is the *' Pressure 
Weight Areometer." 

Symonsfs Monthly Meteorological Magazine, Edited by H. Sowkrby Walus. 
April— June 1900. 8vo. 

The principal articles are : — " The Jubilee of the Royal Meteorological 
Society" (2 pp.). — "A Curious Fact about London Summers" (1 p.). — "The 
Snow and Floods of February 1900 " (7 pp.). This is a large collection of notes 
from the newspaper press of the heavy snowstorm and floods which occurred in 
February. — " Meteorological Extremes. III. Wind Force" (7 pp.). This is one 
of a series of articles appearing in the Magazine dealing with meteorological 
extremes. The two previous articles which have appeared dealt with 
barometer and temperature extremes, this article deals with wind forca The 
highest velocity in a gust which the author has seen recorded is that registered 
by Sir Cuthbert Peek, at his Rousdon Observatory in South Devon, in March 
1897, by a Dines pressure-tube anemometer, which amounted to a rate of 101 
miles per hour. — " Indian Famine-Causing Droughts and their Prevision " (3 pp.). 
This is the first part of an interesting article dealing with the general causes 
of Indian famines and their relation to the prevision of Indian weather. The 
general causes of Indian famine have been summarised by Mr. Eliot, the head 
of the Indian Meteorological Service, as follows : — (1) Prolonged delay in the 
commencement of the rains more especially of the summer monsoon ; (2) a 
prolonged break in the middle of the South-west monsoon rains ; (3) scanty 
rainfall during the greater part or whole of the season ; and (4) uuusually 
early termination of the South-west monsoon rains. — "Meteorological Observations 
during the Eclipse " (1 p.). 

The Meteorology of Ben Nevis in Clear and in Foggy Weather, By J. V. 
Buchanan, F.RS. Transactions of the Royal Society of Edin- 
burgh. Vol. XXXIX Part HI. (No 31.) 4to. 48 pp. Edin- 
burgL 1899. 

The author says : " The Ben Nevis observations show very clearly the 
nocturnal heating in the winter months, which has been observed before, both 
on mountains and in balloons. This occurs in both clear and foggy weather, 
though it is more pronounced in the clear weather. 

" No distinction is made between one kind of fog and another, and they are 
not distinguished in the monthly sheets of the observatory. There are, how- 
ever, several diiferent kinds of fog, and these are clearly distinguished by the 
observers living on the mountain. There is the very wet fog, which is called 
' mist ' in the log ; and there is the comparatively dry fog, which is logged * fog.* 
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Then both the fog and mist in winter seem to be much denser than in 
These belong to the elements of meteorology which cannot be expressed in 
numbers. They are as important as those which can be so expressed ; iad 
they can be brought into the discussion of the meteorology of the mountain wtfll 
their due weight and importance only by men who have spent a consideztfalt 
time there as observers. 

'^Whether wet or dry, the fog which characterises the climate of iSbt 
mountain is nothing but cloud under another name. The lower surface ci fSb% 
clouds, which form on the hills rising out of the Western Ocean, is found gaM^ 
ally at a height of about 3000 feet above the sea. On the west coast «f :. 
Scotland the air is very damp and the clouds abundant, consequently lifR 
observatory on the summit of Ben Nevis is usually situated in the heart of tti 
common clouds of the country. It may therefore be claimed that it it, fil. 
reality an observatory established in the clouds, and that the observations madi 
in it furnish a record of the meteorology of the clouds. In this respect Ail 
observatory of Ben Nevis is unique.'' ' \ 

The Relative Humidity of our Houses in Winter, By R. de C. WABft 
8vo. 11 pp. Boston. 1900. 

This is an article reprinted from the Boston Medical and Surgical JoumA . 
The author says : " The present methods of heating our houses are wretchedly 
inadequate from the point of view of supplying sufficient moisture. Ull* 
doubtedly, the relative humidity of the air coming from an ordinary funuMS 
may be somewhat increased by increasing the size or the number of Qui 
evaporating pans in the furnace, or by placing pans of water on, or, better stiD, 
within the registers. As to the precise amount of increase in the relative-' 
humidity as the result of either of these methods, I am not yet able to gi^ 
any definite results." 

Transactions of the SotUh African Philosophical Society, Vol. XL Part L 
8vo. 

This part contains two papers of meteorological interest, viz. : — " Do the 
Mining Operations aflfect the Climate of Kimberley ? " by J. R Sutton. (1 1 pp). 
The author draws the following general conclusions : — (1) The air is always 
warmer above the surface of the blue ground than it is above the red sand ; 
(2) beneath the surface the blue ground is always warmer by night and cooler 
by day than the red sand ; and (3) blue ground is the better reflector and 
therefore the worse absorber — heat passes less readily, in or out, across the 
bounding surfaces of its particles. The uniformly greater temperature of the%V{ 
air just above its surface is a reflection efi'ect by day, and an efi'ect of actual' 'S 
wanning by contact and conduction during the night — "The winds of Kimberley," 
by J. R. Sutton (38 pp. and 8 plates). This is a discussion of the direction and 
velocity of the wind, from records of Osier's and Robinson's anemometers at 
Kenilworth, Kimberley, February 1896 to February 1899. 
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THE WILTSHIRE WHIRLWIND OF OCTOBER 1, 1899. 

By the Late G. J. SYMONS, F.R.S. 

(Plate XIIL). 

LRead May 16, 1900.] 

It has been the author's privilege to visit the sites of many of these 
disturbances during more than thirty years, and also during that period 
to receive particulars of the paths of many otliers, with maps, photographs, 
and other illustrations. He is not now submitting a paper upon whirl- 
winds in general, but upon that of October 1, 1899, and he refers to 
previous ones merely to say that, as regards force, he has seen more 
remarkable manifestations at Baldock, Hertfordshire, in 1875, and Walmer 
in 1878. With regard to direction there is a curious parallelism between 
the track herein to be described and that of the Cowes whirlwind of 
September 28, 1876. The fact of the one occurring within three days of 
the anniversary of the other may be a mere coincidence. But as regards 
direction there are some facts still more curious, but which cannot be con- 
sidered now. It is hoped that some one will take them up on another 
occasion. The author now gives merely the dates and the angles with 
the meridian of all the whirlwinds in the south-east of England which he 
can find or has himself determined : — 



1729. May 20. 


Peveusey Bay to Newingdeu Level 


. N. 24'' E. 


1872. July 25. 


Wantage 


. N. 22" E. 


1872. Nov. 30. 


Banburj' (a curved track but about 


. N. lO'E.) 


1875. June 12. 


Baldock 


. N. 62" E. 


1876. Sept 28. 


Cowes 


. N. 30" E. 


1877. Aug. 10. 


Guildford 


. N. 33" E. 


1878. Oct. 24. 


Walmer 


. N. 42" E. 



All these tracks are within 26° of N. 36^ E., and their mean is N. 32° E. 
The track of the whirlwind now to be noticed falls well within the above 
limits, for though slightly bent at first its mean direction may be taken 

U 
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cojs N. 20 E. Why do whirlwinds in the south-east of England generally 
go from south -south-west to north-east 1 

This, however, is a digression — the author's present object is to 
describe what occurred along the track, the longest one he ever followed, 
and this he does chiefly from jiersonal observation, but largely aided by 
the extreme kindness of many residents on or near the track. Among 
them should be especially mentioned Mr. T. T. S. Metcalfe, F.RMet.Soc., 
of Roche Court, Salisbury ; Major Poore, of Old Lodge, Salisbury (several 
of whose farm buildings were destroyed); and all the clergy through 
whose parishes it passed, especially the Rev. A. G. Lawe of Fosbury and 
the Rev. W. E. Burkitt of Buttermere. 

Owing to this kindness and hospitality he was able to almost live 
upon the track for several days, and to determine its direction and limits 
with a precision rarely attainable. Tiie G-inch Ordnance map shows every 
barn and stable and clump of trees, and having joined up the entire 
series of maps, he took them' with him, and either by tape or by 
azimuth instruments determined the track with all possible accuracy, 
generally within 100 ft. 

The general atmospheric conditions at the time of the passage of the 
whirlwind cannot be accurately determined, as very few observations are 
made between 9 a.m. and G p.m. on a Sunday ; but Dr. Scott, F.R.S., has 
very kindly supplied a map drawn for 2 p.m. from all the data received 
by the Meteorological Office, and the Radcliffe observer at Oxford (Dr. 
liambaut, F.R.A.S.) has supplied copies of the exquisitely sharp records 
of pressure, temperature, wind, and i*ain which are reproduced in Plate 
XIIL Records from various private observers are given in Appendix A 
(p. 2G8). 

From these and other sources it appears that on October 1, at 8 a.m., 
the centre of a depression (291 ins.) was ofi" the extremity of Cornwall in 
about long. 6' W. and lat. 49^ N. 

At 2 p.m. the centre had moved only about 60 miles (10 miles an 
hour) towards north-east, and was nearly due south of Falmouth, and 
nearly 200 miles south-west of where the whirlwind was being formed. 
It was a squally day, with the winds lying well along the isobai-s. 

By 6 p.m., according to the map supplied to Tlie Times by the 
Meteorological Office, this centre (29*1 ins.) is shown as being near 
Bristol, having thus advanced in these four hours three times as far as in 
the previous six hours — or at the rate of 45 miles an hour instead of 10. 

At 8 a.m. on the 2nd, the centre (29*3 ins.) is shown off Whitby, 
say in long. 1° K and lat 54^ N., having slackened its motion to about 
16 miles an hour. From this it is evident that the whirlwind occurred 
considerably in front of the centre, and north-east of it 

At first sight it seems remarkable that not one of the author's 
correspondents reported the storm at the time of its occurrence, and that 
no reference to it appeared in any London newspaper.^ But a little 
calculation supplies the explanation. The length of the damage was 
nearly 20 miles, but the average breadth was only about 100 yards, 
therefore the area was very little over one square mile, and we are 
far from having one observer to each mile or even to each ten miles. 

^ It was, however, one of my correspondents, Mr. Knowles of Conholt Park, Andover, 
who eventually called my attention to it, he having seen the storm travelling along the 
valley below him. 
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It was a wild, squally day, with about an inch of rain m the west 
and centre of England, and with thunderstorms in many places. 

Miles frrnn Origin 0. 

The first trace of the storm is afforded by Mr. Charles Yates, who 
states that the trees in a copse near Middle Winterslow were violently 
agitated and twisted about in a manner which he had not before seen, 
but that no breakage occurred. This spot is in V 39' 40'' W. and ST 5' 
25" N. ; it is 1 J miles south by west of the first recorded damage, and 
about 200 yards west of a prolongation backwards of the path eventually 
taken : it is rare to obtain details so near the commencement. 

The next spot on the path was determined backwards from Gutridge's 
Farm. At the cottage by the farm was a man named Home, who, 
struck by the darkness, went to the cottage door about 2.15 p.m. and 
saw " a mass like smoke rolling over the hill." He was asked to point 
out the part of the hill over which it came by identifying certain trees, 
and shown how to point a portable altazimuth at the spot, afterwards he 
did so and it read 204°, t.e. (allowing 1 7° for variation) 7° W. of S., 
therefore according to him the path was to N. 7" E. ; obviously he would 
be so astonished that he might easily be a few degrees out, but he seems 
to have been correct. 

Miles f ram Origin 1*3. 

Home's cottage was untouched, but about 150 ft. north-west of it 
was a large, nearly new timber bam, resting on brick footings, and with 
a heavy tiled roof. The north-east corner of this large structure was 
lifted off the brickwork and pushed 2i ft. to the north-west, whereas the 
north-west comer was not appreciably moved. North-westward from the 
bam was a group of ricks ; most of these were stripped, but the farthest 
to the north-west, about 180 ft. north-north-west of the barn, suffered 
very slightly. 

Miles from Origin 2'0. 

For half a mile the path crossed bare down, and then it reached a 
clump of trees, mostly Scotch firs ; it went almost through the centre of 
the clump, wrecking all but the two outside ones. Close by, a shepherd, 
John Harroway, was sheltering behind a bush, but the wind tore him out 
and flung him round with considerable force into another bush, hurting 
his arm, but not affecting his breathing that he can recollect. The 
breadth here was apparently 150 ft. This clump is about N. 2° E. from 
Gutridge's bam. 

Miles from Origin 2*8. 

N. 12° E. from the clump of trees just described, in a wooded hollow, 
18 Old Lodge, where the havoc was greater than at any other place in the 
path. Although Major and Mrs. Poore were both at home, and saw the 
storm rash by, it was so sudden (like the passage of an express train) 
that they naturally could not observe the details, but two of their 
remarks are of especial interest. They were standing at the Hall door, 
and they said that while many of the trees in front of them were 
uprooted or beheaded, they all bent down extraordinarily as the storm 
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came upon them. Subsequently, when examining the trees, one was 
found which, at 3 ft. above the ground, was 5 ft II ins. in girth, and 
which had two nearly vertical cracks on its east^ide and one on the west 
side, so that probably one crack went right through. The longest crack 
reached from the ground to the height of 8 ft. Perhaps the most 
remarkable proof of the strain to which this tree had been subjected 
was afforded by the fact that a strip (about J in. square) of the interior 
wood protruded through the bark at the before-mentioned crack, having 
been nipped there by the return of the tree to iCs normal position. 

Another noteworthy observation was the fate of a pet cockatoo, 
which spends much time flying about the grounds. The centre of the 
storm was passing roughly from south to north about 150 ft west of the 
Hall door (where the wind was by no means violent). The cockatoo flew 
westwards towards the track ; the owners saw him caught in the storm, 
and rolled over and over amid the shower of branches and leaves. 
Immediately that the storm had passed they went to look at the wreck 
of the farm buildings, and there was the cockatoo sitting on a rail, covered 
with mud, but quite uninjured. 

Only those who have visited the sites of explosions of gunpowder, 
gas, or steam, or the tracks of storms like this, can realise the wreckage 
which may be produced in from 60 to 90 seconds, and it is extremely 
difficult to convey the impression to others. The accompanying photo- 
graphs do not fully do it, and the plan does not, because it is not easy to 
realise the size of the buildings. The fact that nearly half a mile north 
of the Lodge, wood, slate, and glass from the bams and gardens were 
strewn along the track, will give some idea of the shower of materials 
which was blown away ; and the portion of a perfectly strong and healthy 
ash which is exhibited, shows by the disintegration (splintering does not 
express it) of the wood, the terrific strain to which it has been subjected. 

The usual puzzles connected with storms are presented by the facts 
of this one, e,g, the trees thrown do\vn are not those which one would 
have expected. The storm track met a wood at a right angle, passed 
over the first 150 ft. of the wood, then threw down a tree quite sheltered 
by others, and in the next 600 ft threw down 40 or 50 large ones. 

The track opposite Old Lodge was about 200 ft. wide, but slight 
damage extended about 50 ft. farther on each side, giving a total 
breadth of 300 ft Five hundred feet farther north, i,e. just beyond the 
ruined yard, a row of trees running nearly east and west aflbrds another 
measure of breadth, and they give 360 ft ; and another belt 900 ft. 
farther north gives a breadth of 318 ft 

The farmyard was so wrecked that it was not easy to trace exactly 
what had happened, and it cannot be dealt with systematically. In 
among the buildings, in a little garden, were two cucumber frames and 
a small greenhouse ; the lights of the cucumber frames were carried away 
and have not been found, yet the greenhouse was damaged only by falling 
material. 

Tliere is the usual ample evidence of the lifting power of confined 
air. Several sheds were lifted and twisted round towards the north-west^ 
the big barn fell all to pieces, the roofs were taken off" all the piggeries. 
Why then did not the roof go off* the greenhouse 1 

Perhaps the most striking evidence of the lifting power developed by 
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the passage of a whirlwind over even a small volume of air, is afforded 
by the fact that the air below the barn floor, though less than 2 ft. thick 
and open to expand laterally (only it had not time), sufliced to lift the 
whole floor and carry it laterally about 20 ft., depositing it at an angle of 
nearly 45^ with its original position. 

A shed near the northern extremity of the yard, built of wood, on a 
brick foundation, and which was about 11 ft. square and 10 ft high, 
was lifted up and dropped down 5 ft. west of its original position. 
Another wooden shed 1 2 ft. 6 ins. square and about 9 ft. high was lifted 
off its brick base, its centre moved about 7 ft. to north-west, and its sides 
deposited at an azimuth 37° W. with their original position. (See sketch, 
Plate XIII.) 

Little can be said about the trees, because there were so many down 
that time could not be spared to measure them all, and the writer^s 
experience leads him to believe tliat the character of the root-hold 
largely influences the direction in which trees fall; but several were 
marked on the 26-inch map, and the majority appear to lie towards 
north-north-west or north-west, i.e. about 40° W. of the azimuth in which 
the whirlwind was travelling. This agrees singularly well with the twist 
given to the barn and to the last-described shed. 

Serious as is the wreck of the farm buildings, it is some consolation 
that Old Lodge itself lost only two chimneys : the stables, bailifft house, 
and cottages, though within 100 yards of the storm, were all untouched. 

Miles from Origin 4*1. 

We here come to " Martin's Farm '' on the Ordnance map, but now 
known as "The Warren." The previous mile had been bare, treeless 
down, so that no trace was to bo expected, and a similar treeless track 
extends from 4*5 miles to the 6th mile. At or near** The Warren" 
many trees were damaged, and the wire fencing of a large pheasantry 
was blown down. 

Miles from Origin 6*0. 

From the 5th to the 10th mile there was scarcely a tree or object 
along the path, but where there was any object damage is found. For 
instance, at the 6th mile the line crosses the western extremity of the 
wood round Quarley Camp, and the trees are damaged. At 7*5 miles 
it passes just west of Thruxton Down Farm, and though no damage was 
done there, the residents said that they thought that the house would 
go down. 

Miles from Origin 9*1. 

About three miles N. 1 9° E. from Quarley Hill a shepherd's hut on 
wheels was standing in a field ; it was blown over on to its side, and while 
so lying was pushed about 10 ft. to north-west. A few hundred yards 
north of this hut were some ricks which were slightly damaged. 

Miles from Origin 10*4. 

N. 17° E. of the shepherd's hut is the farm of Great Shoddesden, 
where the damage was nearly equal to that at Old Lodge. The follo^ring 
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account appeared in the Andover Advertiser, and so accurately describes 
the damage, that no attempt is made to re-write it : — 

At Shoddesden, shortly before 3 o'clock, when Mr. Fowler and family were 
sitting quietly at home, an unusually heavy peal of thunder was heard, and his 
daughter, looking through the window, exclaimed in astonishment that the large 
barn was gone. And so it proved, for a subsequent examination revealed that 
the wind had struck the building with such force that the whole, from about 
a yard above the ground, liad been demolished. Great rafters were carried in 
the air and deposited fully 100 yards away ; while the roof was borne bodily 
to a wood nearly half a mile distant across several meadows and there fell. 
Other farm buildings were similarly treated, and under the ruins were buried 
about 300 sacks of barley, pigs, and other stock. Within the coarse the 
cyclone had taken there was similar and quite as complete destruction. A 
large elm was snapi>ed off straight and the upper portion smashed to fragments, 
which were carried by the wind to a considemble distance and scattered in all 
directions, great branches being subsequently found twisted like wire. Ricks 
were literally cut to pieces and the straw borne away on the wind till only 
fragments could afterwards be found. From others the thatch was torn bodily 
and carried on the wind like so many derelict umbrellas. In one meadow on 
the farm the waggons, carts, ploughs, elevators, etc., had been arranged in lots 
on Saturday ready for the sale by auction to take place on Monday, as Mr. 
Fowler's tenancy has expired. With these the wind played like so many 
feathers. Large corn bins were lifted up and carried over the hedges into 
the adjoining road, which was strewn with debris of every kind. Heavy carts 
and waggons were broken to pieces, and, doubtless, through contact with other 
things, ploughs were broken ; while a large elevator was turned completely 
over and considerably damaged. The whole place within the area of the 
wind passage was in fact a complete wreck, so great had been the devastating 
power of the cyclone. Fortunately it does not appear to have been of long 
duration, and seems to have been the final concentration of the storm, for 
shortly afterwards the wind dropped and the rain ceased, so that those on the 
farm and in the neighbourhood could turn out and render what assistance was 
possible in the saving of property. Attention was turned to the excavation 
of the pigs and other live stock from their unpleasant positions, and strange 
to say, none had been killed. The preservation of the l>arley under the 
debris of the demolished barn was also an important consideration, because it 
was feared that it would be damaged almost beyond use should the rain come 
on again. What could be removed was taken to another barn, and the remainder 
so covered as to protect it until it also could be placed under permanent cover. 
This, however, was not accomplished until Wednesday ; while it took a con- 
siderable time to remove the com bins and other obstructions from the road. 
It is calculated that it will cost Sir J. Pollen, the owner of the farm, considerably 
over £1000 to replace the damaged buildings; while Mr. Fowler's loss must 
be considerable, as the amount realised at the sale must have been very 
materially reduced through the breaking of waggons, implements, and machinery. 
It is remarkably fortunate that the storm did not occur on the previous day, as 
then it must have been attended with fatal results, as several men were at 
work in the bam. 

It was more than a month after the event when the writer was able 
to visit the farm, but even then the ruins were not all cleared away, 
rebuilding had not begun, and the lane by the side of the farm was 
blocked by large trees lying across it, mostly towards north-west. 

Little can be added to the newspaper account, except that the breadth 
of the track was about 270 ft. 
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Miles from Ongin 11*0. 

About half a mile N. 24° K is Chopwood Copse, in which trees are 
reported to be damaged. 

MiUsfrom Origin W'b: 

Another half mile N. 10° E. brings us to the junction of Ball's Drove 
with Biddenden Lane, and here a well-known oak was badly damaged, 
and the hedge near it was reported to look " as if boiling water had been 
poured over it." 

Miles from Origin 12 '9. 

A mile and a third N. 20° E. of this tree, on the east side of CoUing- 
boume Wood, in Honey Bottom, several trees were pulled up by the 
roots. 

Miles from Origin 13*7. 

A mile and a half N. 18° E. is the west end of the village of Chute. 
The path here was about 200 ft. wide, and the damage was not serious. 
A disused windmill lost part of one sail. The hood of a carrier's cart, 
which was standing in his yard, was picked up, blown across two or three 
fields, and smashed. The remaining portion (about \) of a hay rick in 
the Vicar's meadow was blown away. The thatch was blown from some 
wheat ricks, and about 30 sheaves were carried to a hedge 100 yards off. 
At two cottages the galvanised iron roofs of pig -styes were carried 
away. 

Miles from Origin 15*9. 

The track here crosses Newficld Copse, with the usual result of broken 
trees, followed in 300 yards by Tunimer Copse, where many trees are 
down, notably one very large ash, the head of which lay exactly length- 
wise in the track' of the storm. 

Miles from Origin 16*7. 
Passing two arable fields, we come to Little Heath Copse (close to 
Fosbury House), where the wreckage is severe — some dozens of trees 
being overthrown or hopelessly injured. The storm crossed the road 
(blocking it with a fallen tree) happily almost midway between Fosbury 
Holise and the Vicarage, so that neither was damaged. It wrecked a few 
trees in the Vicarage grounds, and then did no damage for nearly a mile. 

Miles from Origin 17*7. 
The track here crossed the road from Fosbury to Kivar at an angle of 
37°. Two thorn bushes on the west side of the road were thrown over, 
and a hay rick about 100 yards east of the road had the upper half blown 
off, whereas another rick only 29 yards south-east of the above rick was 
uninjured. 

MiUsfrom Origin 17*9. 
The track here enters Apsley Copse, and for nearly half a mile there 
is a track of damaged or destroyed trees finishing only when the track 
leaves the wood at its northern extremity, which is called Grubground 
Copse. 

Miles from Origin 18*6. 
Crossing the small grass field north of the wood, it scattered a pile of 
hurdles, damaged a tree in the hedge, and crossing the road, which is 
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740 ft. above sea-level, came upon a rick of oats, a considerable portion 
of which it carried right over the village of Ham and deposited in a field 
belonging to " Prosperous Farm," one and two-thirds of a mile (say 3000 
yards) from where it had been picked up. 
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Records of Private Observiebs. 

. T.S. with heavy R. (-82 in.) and high 

wind. 
Showery, very rough and windy. 
Misty rain early, harder at 7.30, cleared 

by 9.15 a.m. 
Cloudy and rain all day. 
1st and 2nd, white frost, dull and foggy, 

followed by S.W. gale. 
T., L. 

Heavy thunderstorm, 3 to 4 p.m. 
Rain variable, averaging '14 in. per 

hour, subdued T. during the down- 
pour. Quantity of rain = 1 '86 in. 
Wet forenoon. 

Overcast and very wet the greater part. 
T.. R, H. 
Showery, T. and L. 
Distant T. 
Rough and rainy. 
R. till 11 a.m., windy. 
Cloudy, and strong L. wind. 
Heavy rain early, showers during the 

day. 
Heavy R. to 7.50 a.m., 9.30 to 11 

a.m., 6.30 to 9.17 p.m., heavy 10.50 

to 11.45 p.m. 
Heavy showers ; raw and cold. Strong 

E. wind. R. 113. 
Strong gale, e8i)ecially from noon to 

6 p.m. 
Wind S.E., S.W., N.W. Gale. 
T. 2 to 3 p.m. 
Rain 9.15 a.m. to 0.15 p.m., -67 ; 0.15 

to 2.15 p.m., -26. 
R.-87. 

R. all day, -41 in. 
Wet most of the day, ending with L. 

andT. 
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DISCUSSION. 

The President (Dr. C. Theodore Williams) remarked that this paper, in its 
lucidity and directness, was typical of Mr. Symons and all his work. 

Mr. H. Sowerby Wallis said that the paper was the last piece of work 
done by Mr. Symons before he was stricken down with paralysis, he being 
engaged on it the day before his illness. It was practically complete as he left 
it, but any letters received subsequent to his illness had been incorporated in 
the context by himself (Mr. Wallis). It had often struck him as a curious fact 
that nearly all the known instances of destructive British whirlwinds occurred 
in the south-east of England, and travelled in a somewhat similar direction. 
About the atmospheric conditions during the present whirlwind there was not 
much information. Mr. Symons had written to many observers along the track, 
but with little success. The Oxford barogram showed the time of the occurrence 
very clearly, the disturbance of the trace being precisely similar to that with 
which he was familiar in the case of thunderstorms. With regard to the 
remark about the shepherd not experiencing any difficulty in breathing when 
struck by the storm, he was probably too much astonished to notice it Another 
feature common in whirlwinds was the manner in which the severest damage 
was concentrated at isolated spots along the track, as though at times the whirl- 
w^ind came in contact with the ground and then rose into the air. This was in 
accordance with the general description of waterspouts, in which the column was 
said to be continually changing in length. Amongst Mr. Symons's papers was 
found evidence of an attempt to determine the rate of progression of the disturb- 
ance, but the idea was apparently given up, the reports being contradictory. 

Mr. F. J. Brodie said that in listening to the paper one was reminded of 
the fact that the collection of rainfall statistics was by no means the only good 
service rendered by the author to the cause of meteorology. The stations 
established by Mr. Symons were so numerous, and the network they covered 
so fine, that events of considerable importance which had eluded the more 
widely spread organisations of the Society and of the Meteorological Office were 
often rescued from the oblivion in which they might otherwise have remained 
buried. So far as he (Mr, Brodie) could see, the ordinary isobaric charts for 
the day threw no light whatever upon the origin of the whirlwind, beyond 
showing that the weather over England was in a very unsettled state. In a 
similar way the tornado which passed over Camberwell in October 1898 was 
altogether unaccounted for by the current weather charts, the stations plotted 
being too widely scattered for the elucidation of phenomena such as these, 
which are in nearly all cases of a purely local character. The Oxford curves 
also seem to throw very little light upon the matter. The only place at which 
any striking barometrical change occurred on this day was apparently at 
Rochford, near Tenbury, where the tracing of a Richard aneroidogram showed 
at 2*15 p.m. a sudden fall of about a tenth of an inch. The station is, it is 
true, a long way from the path of the whirlwind, but the fact of the sudden 
change occurring at about the same time as the violent wind seems to point to 
some connection between the two events. 

Mr. R. H. Curtis said it was to be regretted that no instrumental observa- 
tions made at the spot were available to assist in throwing light upon the origin 
of this disturbance, because owing to the purely local character of such whirl- 
winds the general conditions of pressure and temperature over a large extent 
of country, such as is shown by the Daily Weather Report map, does not go 
much further than to show that the general state of things at the time of their 
occurrence was unsettled. Such a disturbance may have received its first 
impulse owing to an invaMon of temperature over the place of origin, by which 
an initial indraught of air was set up at the earth^s surface. \X» rotatory motion 
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was then possibly due to the friction caused by bodies of air moving inwards 
in opposite directions, and the gyration thus set up may have been able to 
propagate itself along a certain line, and to develop energy up to a certain 
point as it progressed. But for the proper investigation of these points not only 
are observations required at places close together along the track of the storm, 
but we also need to know something of the temperature and the hygrometric 
condition of the upper air ; and since such observations can only be made by 
the aid of kites, the chance of their being forthcoming, when and where they 
are wanted for this special purpose, is somewhat remote. 

The instrumental indications shown by the Oxford instruments are, as Mr. 
Wallis has pointed out, typical of those commonly observed in thunderstorms, 
and they may have been due on this occasion to a local storm and only in- 
directly connected with the whirlwind described. The only reference in the 
paper to the weather which accompanied the storm is that given in the extract 
from the Andover Advertiser y from which it appears there was thunder and 
heavy rain ; and from the notes as to weather in the Appendix it appears that 
thunderstorms were prevalent over a great part of Southern England on the 
day in question. Much larger oscillations of pressure and temperature than 
those shown are occasionally found with thunderstorms when there is no indica- 
tion of a whirlwind anywhere near. What Mr. Symons had found to be the 
usual direction of the path of these disturbances was very interesting. He might 
mention that a small whirlwind was observed a few years ago in the west of 
London, which apparently originated over the grounds of the London Athletic 
Club at Fulham, during the progress of some sports connected with King's 
College. Amongst other damage it stripped the bandsmen's stands of their 
sheets of music, and these, with some ladies* sunshades and other odds and ends 
picked up by the whirl, served to indicate its course for many minutes. He 
had found from information given to him that its path was north-east from the 
grounds, and the whirl could be distinctly seen travelling away over London, 
but at a considerable altitude, until it became lost to view owing to the distance. 
As far as he could ascertain nothing was felt of this whirlwind along its course 
over the west of London after it had left the grounds, and this fact was of 
interest, because it seemed to show that such a whirlwind might, under certain 
conditions, propagate itself along a path through the upper air without being 
felt at the earth^s surface. 

Capt. A. Carpenter mentioned that he had recently observed two small 
whirlwinds from his house in' Surrey, one occurring at 10 minutes before noon, 
and the other precisely at noon. The direction in which they were travelling 
was south-south-west Some papers were carried away from the verandah on 
which he was sitting, and he also saw some brown paper whirling round in the 
air to a great height, which evidently had been taken up from a neighbouring 
house. He agreed with Mr. Wallis's suggestion with regard to the funnel or 
tongue shape of the whirlwind as was met with in the waterspout He also 
thought that the reason why some of the farm buildings at Old Lodge were 
twisted and others not was accounted for by the fact that those not directly in 
the path of the whirlwind only experienced the tangential direction of wind, 
whereas those in the centre experienced the twisting action of the revolving 
funnel. 

Mr. W. Marriott said that some years ago the Society, at the request of the 
late Hon. llalph Abercromby, undertook an investigation on the phenomena of 
thunderstorms, but in consequence of Mr. Abercromby's removal to Australia 
the discussion of the observations devolved upon him (Mr. Marriott). It was 
originally intended that the observations should be confined to the south-east of 
England, but it was soon found that the area was too limited, so that the whole 
country had to be included. The stations, however, were really not sufficiently 



DISCUSSION— THE WILTSHIRE WHIRLWIND 271 

numerous to show all the minute changes which take place during thunder- 
storms. He had tried to improve upon the Daily Weather Charts by preparing 
isobaric maps for 9 a.m. and 9 p.m. during the month of June 1888 with the 
isobars drawn for each *02 inch. These to a large extent indicated the 
localities where thunderstorms were in progress ; but the direction of the wind 
was the most important factor, for where there was any deflection of the arrows 
it was a sure indication of the presence of a thunderstorm in that locality. The 
thunderstorm formations were really very small cyclonic disturbances, the wind 
circulating round them in the same way as i^ ordinary cyclones. These 
thunderstorm formations were only a few miles in diameter, and often several 
would be travelling along at but short distances from each other. He did not 
think that whirlwinds were confined exclusively to the south-east of England, 
for on one occasion, when visiting Brigg in Lincolnshire, he had learned that a 
whirlwind had passed over the town a few hours previously ; and on another 
occasion, when at Ashburton in Devonshire, he had learned that a small whirl- 
wind had passed over a field, carrying up the hay to a considerable height Mr. 
Symons's charts and plans were very valuable, as they showed the lifting and 
twisting power of the wind. He (Mr. Marriott) was of opinion that the greatest 
force of the wind would be on the right hand or eastern side of the whirlwind, 
rather than on the left or western side, owing to the progressive motion of the 
phenomena. 

Mr. H. N. Dickson said he would like to ask Mr. Brodie or Mr. Curtis 
whether any systematic examination had been made of the general atmospheric 
conditions under which these disturbances occurred in this country. If, as 
seemed likely, they were associated with cyclonic systems having light gradients, 
this might suggest an explanation of their being most frequently observed in the 
south and east of England, and also of their tendency to move north-eastward. 

Dr. H. R. Mill remaiked that the whole report read like the descriptions of 
a United States tornado on a small scale, the phenomena being the same in kind, 
but less intense. In the Mississippi and Ohio valleys tornadoes generally 
occurred in the afternoon, and with a track of from 20 to 30 miles in length, 
and a breadth of about a quarter of a mile — in fact, similar in every way to the 
cyclone studied by Mr. Symons, only on a larger scale. Possibly the reason why 
the south-east of England was more liable to these visitations than other parts of 
the country was, that the configuration of the ground there was more favourable, 
and the general trend of the valleys and escarpments might account for the pre- 
vailing course of these cyclones towards the north-east, this being also the usual 
course of storms traversing the island. Mr. Symons's closely-planted rainfall 
stations were of great use in discussions such as these, and recently he had found 
them of extreme value in making investigations into the detailed climate of a 
small portion of Sussex. 

Mr. R Bentley stated that he had referred that morning to the dates and 
localities of over fifty whirlwinds in the United Kingdom — some in the last 
century, and some in this. August was the month in which the largest number 
occurred, but they were also very numerous in the montlis of June, July, and 
October, and comparatively few in September. They happened most frequently 
in the Midland Counties, and very frequently also on the east side of England, 
between Yorkshire and Kent, and more rarely in other parts. 

Mr. R Inwards said it would be interesting if a careful observer could go 
to iheae places directly after such an occurrence and plot the positions of the 
&llen trees and the directions in which they fell. 

Mr. F. J. Brodie, in reply to Mr. Dickson*s inquiry as to whether any 
investigation had been made into the conditions of barometrical pressure at the 
time of this and similar events, said that the great difficulty was to obtain 
obflervations in sufficient numbers and sufficiently close together. The difficulty 
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was increased by the fact that such phenomena usually occurred in the afternoon, 
— a time when, in the ordinary course of things, very few meteorological 
observations were made. He (Mr. Brodie) had observed that in this country 
whirlwinds and tornadoes usually occurred during the prevalence of a cyclonic 
distribution of pressure of a complex nature. In the case under discussion, 
however, the distribution, though cyclonic, was fairly simple, the depression 
which lay over England at the time being of considerable depth, and attended 
by gales on many parts of our southern coast. 

Mr. W. H. Dines remarked that tornadoes generally occurred in America, on 
the south-east side of a low pressure system, and he thought that most damage 
was generally done on the south-east side of the track. It appeared, however, 
as though this whirlwind had occurred in front of, instead of on the flank of, 
the main depression. 



Memorial to the late Mr. G. J. Symons, F.B.8. — On May 31 a 

Meeting was held at the rooms of the Royal Meteorolc^cal Society to 
consider the question of a Memorial to the late Mr. O. J. Symons, F.RS., the 
distinguished Meteorologist and Founder of the British Rainfiill Organisation. 

It was resolved unanimously that the Memorial should take the form of a 
Gold Medal, to be awarded from time to time by the Council of the Royal 
Meteorological Society for distinguished work in connection with Meteorological 
Science. 

An Executive Committee was appointed to take the necessary steps to raise 
a Fund for that purpose. We have now much pleasure in stating that their 
appeal has been very heartily responded to, not only by meteorologists, engineers, 
and representatives of other branches of science and industry, but also by 
personal friends and admirers of the late Mr. Symons in all classes. 

The Committee have decided to keep the list open until the end of January 
1901, in order to allow all who have in any way benefited by Mr. Symons*s 
advice and assistance to contribute to the Memorial Fund. 

C. Theodore Williams, M.D., Treasurer. 

R Meldola, F.R.S.,) ^^ , . 
,,, ,, ' } Secretaries, 

Wm. Marriott., ) 



70 Victoria Street, Westminster, S.W. 
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RAINFALL IN THE WEST AND EAST OF ENGLAND IN 
RELATION TO ALTITUDE ABOVE SEA-LEVEL. 

By WILLIAM MARRIOTT, F.RMetSoc. 

• [Read June 20, 1900.] 

In 1883 the Meteorological Council published a work entitled Rainfall 
Tables of the British Isles for 1866-80, compiled from the Recoi'ds of 366 
Stations hy G, J. SymonSy F.R.S. These Tables gave the monthly and 
annual rainfall for every year, as well as the means for each lustrum and 
for the whole period. In 1897 the Meteorological Council published 
another volume. Rainfall Tables of tlie British Islands^ 1866-90, which 
were compiled by Mr. F. Gaster from information supplied chiefly by 
Mr. Symons, and by Dr. Buchan, and also from the reports furnished 
directly to the Meteorological Office. Part III. of this volume contains 
an abstract of the mean monthly and annual rainfall for the 10 years 
1881-90 at 492 stations. This is a very valuable table, as it permits a 
strict comparison to be made of the minfall at those places for the same 
period. 

Some time ago I extracted the mean monthly and annual rainfall at 
the English and Welsh stations, and grouped them according to the 
altitude of the stations above sea-level. The results of this grouping I 
now wish to lay before the Society. It is necessary, however, to point 
out that the means apply only to the ten-year period, 1881-90, and that 
the results may perhaps be modified when a much longer series of obser- 
vations is employed. 

As the annual rainfall is heavier in the western part of the country 
than in the eastern part, it seemed desirable to separate the western from 
the eastern stations. I ultimately decided to consider all stations as 
"western" which drained to the west, and all stations as "eastern" 
which drained to the east. The stations were then grouped together for 
each 50 feet up to 500 feet, and above that altitude for each 100 feet. 
The number of stations was as follows : — 

Altitude. West. East. Totol. [ Altitude. West. East. ToUl. 

feet feet 

1- 60 16 31 47 401-450 6 5 11 

.51-100 13 24 37 ^ 451-500 12 4 16 

101-150 16 23 39 ^ 501-600 11 5 16 

151-200 18 17 35 ' 601-700 5 3 8 

201-260 8 17 25 701-800 5 3 8 

261-300 17 6 23 801-900 2 2 

301-860 9 14 23 901-1000 3 14 

351-400 3 7 10 Above 1000 3 2 5 

There were therefore 147 "western" stations, and 162 "eastern" 
stations; the total being 309. 

The mean annual rainfall at the various altitudes was as follows : — 



Altitude. 


West. 


East. 


feet 


ins. 


ins. 


1- 50 


32-79 


24-36 


51-100 


33-69 


25-39 


101-150 


35-40 


25-76 


151-200 


36-28 


26-14 


201-250 


36 -.50 


'26-35 


251-300 


35-36 


28-41 



301-360 41-05 28-30 

851-400 85-10 28-76 



Altitude. 


West. 


East 


feet 


ins. 


ins. 


401-450 


56-26 


27-73 


451-500 


41-00 


32-54 


501-600 


38-08 


35-84 


601-700 


41-25 


35-27 


701-800 


58-83 


45-12 


801-900 


66-01 




901-1000 


69-64 


49-83 


Above 1000 


45-51 


44-27 
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It will be seen that there is a general increase in the amount of rain- 
fall as the altitude increases. The irregularities at the higher altitudes 
are no doubt due to the small number of stations employed. The values 
have been plotted on the diagram (Fig. 1), which shows in a very striking 
manner that the rainfall is considerably greater in the west than in the 
east, the excess being nearly a quarter. 

If, however, the west and east values be combined the curve becomes 
much smoother, the increases of rainfall according to altitude being much 
more imiform (Fig. 2, p. 276). 

The accompanjdng table gives the mean monthly rainfall grouped 
according to altitude for west and east : — 



Mean Monthly Rainfall 


1881-90. 


GROUPED 


ACCOBDINO TO ALTITUDE FOR 




West and East. 




WEST. 


ALTiTirDC. 1 


1 1 


■ - 


1 »' ' 





j 


J«i. 


Fttb. 1 Mar. Afif. May. 


JtLM, 


Jtity. 


Ayg.ScgH, 


Oc.. 


Ncnr. Eke. 


Year. , 


feet , 


ins. 


ins. i in^ 


ins. in& 


ins. 


ins. 


ins. ins. 


ins< ins. ins. 


ins^ 


I- S« 


2.di 


2'i4!a-3S 


MS 2-19 


219 


3^7 


2*84' 2^93 


3*41 S*8* 304 


3*79 


Si'ioo 


2.97 a.45| 2^35 


^■OJii'ig 


2*16 


310 


2^67; 2-91 


3*52 * 04i 3'20 


33'59 


101-150 


310 2-45 2M 


i^lO 2.45 


223 


346 


3'0«i3i5 


3*47 


4^03 3^4 


^1^^ 


151-200 


3-29 2*64 3-59 


t^29 2-41 


^^23 


3-49 


2-89 3- 16 


3-67 


4 SO 3 33 


36*28 


201-350 


3^37 2S6 273 


S-S8: 2-44 


2-42 


322 


2-66 2*89 


369 


<^S3 3-53 


36-50 


2S("J00 


3*t6 2-63 2^53 


f^/5.2-44 


3.40 
2*65 


319 


2*So 3-08 


364 


ill; 3-21 


35-36 


301-350 


j-66 3-05 3-01 


y^sB 2-67 


37° 


3'Si|3-58 


4-40| 4'68| 405 


41-05 


351-400 


3'Oo 2.43 2.53 


f-if7 2-49 


2-66 


3^S6 


3^10 303 


3-271 S T7l 3-00 


35-10 


401-450 


5 'Si 4^60 440 


3- 1 J; 3-^ 


^i'll 


4-94 


4*29' 4^7 


5*33 e 68' 5'58 


56-26 


451-500 


3- 70 3*0 2-95 


:^.67i2.Si 2-63 


3^59 


3'25i 3-44 


413,4^83 3*85 


4 ''00 


501-600 


3-4S' 2^SS' 2*82 


iS8 2*581 2-44 


3*40 


3* 1 5| 3-03 


3-94 4-44: 3-66 


38"0S 


601-700 


37S' 3*aS; 301 


i-St' 270 2*53 


3-47 


3-43 y^$ 


4^436^02.3-89 


^i'P 


701^800 


5 554 33 4 43 


'-'■'?' J-S» 3^53 


5-38 


4-93 5-^5 


5-9 < 


6-BO S^ 


58-83 


SOJ-900 


5-561 4 10; 4.3 J 


3.3a 3 55 Si} 


4-65 


4^19 4-22 


5-68 


7-011 5*21 


55-01 


90I-IOQO 


6^16' 4 87,4*43 


3-41, 376] Jf-^^ 


471 


4-8114-82 


6-08 


7-3S] 6-05 


59-54 


AU>vc rooo 

Altitude. 


4^3 


306 3-04 


ii-69, 2-99 


3-10 


4-02 


3^98, 387 


Sii 


B18 4 4S 


4S'Si 


EAST. 


Jan.| 


K«k 


Mw. 


Apr. 




July. 


Aug*[Sept» 


Oct, 


Kov. 


Dec. 


Vear. 


feet 


ins. 


in<L 


ins. 


ins. 


U1&. ins, 
1.83 1^68 


im. 


ms. im. 


ins. 


ins. 


ins. ins. 


I- 50 


l7iJ 


M7 


1-66 


i'S9 


2-47 


2- 07 2-29 


3*B& 2-53 


2*00 24^36 


51-100 


rg4 


1S5 


I-Si 


1-69 


1*94! '-77 


254 


2^15' 230 2'»4 2*59 


209 25-39 


101-150 


f.91 


h71 


r.84 


^'75 


I -971 1-82 


262 


2-2ll2'32|3-87 


2*67 


2-07 25-76 


151-^30 


204 


J-7-> 


im 17S 


2-00 


1-S4 


259 


2-2 1 2- 29 


38S 


2S0J2*12i26a4 i 


201-250 


tga 


178 


t^gi h7t> 


2' 10 


1*92 


2-6; 


2'30|135 


3-83 


274 


a.05 26 35 


251-300 


2-01 


Ml 


2-18 I 83 


214 1^88 


277 


2'S3l *^S9 


3'iS 


a-iT 


a 35 ^41 


301-350 


3-28 


1^96 


2'o8, JSy 


Z'i7j2o6 


276 


2-3r2-4& 


2-94 


306 


2 35 iS-3o 


351-400 


2-25 


1-B4 


2>t5 2-04 


209 1-99 


2-9SI -2-40} 2-47 


B-ll 


3^2 


2*26 


2S75 


401-450 


2-26 


1-90 


tg& 2'03 


2-2o! 1-99 


273; 2-26! a*32 


2-84 


303 


2-20 


2773 


451-500 


277 


2^25 


2^51 I^OI 


2-26 2-31 


3* 1 2j 2*92 2*67 
3-62] 332 3-28 


3'^S 


3-43 


279 


35-84 


501-600 


2^Sl\£'l7 


2*Q3 2*21 


2^52 2^48 


370 


3,721 3.09 


' 601-700 


316 


^■33 


2-6o J*04 


2*24' 2*34 


3a8| 3-07 S-^5 


3*«« 


3-93 


319 


3S-27 


701-800 
SoT-900 
901^1000 


4-47 


316 


3 67 2 66 

• . 1 . 


2.74^^5^ 


4*25 378 37?^ 


473 


0-16 


4-21 


4S'12 


4-65 


H» 


3-96 i^> 


3-24, 3-2S 


4*43 4*26. 3S3 


5*^3 


6-70 479 


49-33 


Above 1000 


4-09 


S*S7 


3*43 ^-95 


3^25' 2-86 


3-94 3*303^31 


5'€8 


4*88 3*90 


44^7 



The figures in thick type indicate the greatest monthly rainfall. The figures in italic 
type indicate the least monthly rainfalL 
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If these values are thrown into diagrams^ some very interesting 
features are brought out. 

1. The greater rainfall in the west than in the east is at once 
apparent. 

2. The monthly rainfall in the west is subject to a much greater 
range than m the east. 




Fia. 1. — Mean Annual Rainfall in the West and Eant of England, grouped according to 

Altitude. 
The light shading shows the rainfall in the east, while the vertical shading shows the 
excess of the rainfall in the west over that in the east. The cross shading under 500 ft. 
indicates the excess due to the rainfall at Seathwaite. 

3. In the west the maximum at all altitudes occurs in November (and 
not in January as is popularly supposed), but in the east generally in 
October. 

4. In the west the three spring months, April, May, and June are 
very dry. 

5. One of the most marked features in all the diagrams both west and 
east is the great rise in the rainfall from June to July. 

^ These diagrams were exhibited at the Meeting, but were too numerous to be reproduced. 
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The prevailing winds over the British Isles are south-westerly. These 
come from the Atlantic as moist winds, and as soon as they strike the 
land they are forced upwards and, owing to the consequent reduction of 
temperature, have to part ^vith some of their moisture in the form of 
rain ; and so the rainfall in the west is greater than in the east. The 
greater the velocity of the wind the more rapid will be the condensation 
of the moisture, and consequently the heavier the rainfall 
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Fia. 2. — Meau Annual Rainfall (West and East combined) grouped according to Altitude. 

When the current of air has passed over high ground it descends on 
the east side of the range a drier air, as it has parted with a great deal of 
its moisture. Consequently the conditions are not so favourable for the 
formation of rain on the east as on the west. 

In the spring months there is a great prevalence of north-east winds. 
These as a rule are drier than the south-west winds, as they are often 
associated with anticyclonic conditions. And if rain does occur, it is 
mostly confined to the neighbourhood of the east coast, and does not 
extend very far inland. 

With regard to the heavy rain^iU in July, this is no doubt due in a 
large measure to the prevalence of thunderstorms. If, however, the 
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isobaric and wind charts be examined, it will be seen that the prevailing 
winds for this month are decidedly Westerly, whereas in the spring 
months the winds are light and more from the Northward. 

Very little has been written on the subject of the increase of rainfall 
with altitude above sea-level. Mr. H. S. Eaton, in his " Report on the 
Temperature and the Rainfall of the Croydon District for the five years 
1881-85,^ dealt with the question as referring to that district. He 
said: — 

Taking the groups successively and representing the rainfall in the lowest 
group at the average elevation of 124 feet by 100, iu the group at 234 feet it 
is 109*1 ; at 493 feet 129*4 ; and at 648 feet 136*1 ; from whence it diminishes 
at 841 feet to 134*7. Hence it follows that between 124 feet and 234 feet the 
rate of increase of depth of rain for 100 feet of elevation is 8*27 per cent; 
between 234 feet and 493 feet this falls off to 7*84 per cent ; between 493 feet 
and 648 feet it further diminishes to 4*32 per cent ; and in the highest group 
of all at 841 feet the increase is altogether lost, and is succeeded by a decline in 
the amount of rain from the preceding group to the extent of 0*37 per cent for 
100 feet The foregoing results are shown by Fig. 2, and they may be taken 
as representing generally the distribution of the annual rainfall on the area 
included between the Thames and the southern escarpment of the North Downs 
and the rivers Mole and Darent The largest amount of rain then, and as will 
be shown presently, the greatest number of rainy days, occurs, not on the ridge 
of the North Downs, but some distance pn the lee side in regard to the prevalent 
rainy South-westerly winds. The amount at similar elevations above sea-level 
seems also to diminish from west to east ; in Surrey the mean annual rainfall at 
nineteen stations, having an average elevation of 322 feet, was 26*68 Ins., while 
in Kent, at nine stations having an elevation of 313 feet, it was 25*29 ins. 
The number of rainy days, a rainy day being reckoned as one on which not less 
than 0*005 in. of rain is measured, has been similarly examined ; the results 
given in Table X., and shown graphically by Fig. 3, indicate a close corre- 
spondence with the depth of rain. In the zone of greatest rainfall — 600 to 800 
feet — the number of rainy days in the year was 178*9, and in that of least 
rainfall — ^below 200 feet — it was 165*0 days. 

Briefly summarised, the rainfjEdl in the district from 1881 to 1885 inclusive, 
was as under : — 

Elevation above Sea-level, 
ft 
Above 800 ... . 
Between SOO^and 800 

400 „ 600 . 
„ 200 „ 400 . . 
Below 200 .... 



»th of Rain, 
ins 


Rainy Days. 


31*36 


178*3 


31*66 


178*9 


29*12 


173*7 


25*39 


167*8 


23-27 


165*0 



The last point of consideration is the monthly rainfall in connection with 
the altitude of the stations above sea-level, and for this purpose they have been 
grouped separately into those above and those below 400 feet The result is 
that in every month the depth of rain is greater in the upper group, which 
includes ten stations at an average elevation of 594 feet But the table of 
ratios of the monthly to the annual fall shows that in spring and summer there 
is a larger amount of rain proportionately in the lower group of eleven stations 
at an average elevation of 193 feet This condition of the rainfall is associated 
with the relative humidity of the atmosphere. When that is low, or, in other 
words, when the air is dry, a relative excess of rain is experienced at the lower 
stations, while a high degree of humidity is favourable to a more copious 

^ Trantaetiont of the Croydon Microscopical and Natural History Clttbt 1886. 

X 
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precipitation at the upper stations. Numerically, the proportion of the rainfiall 
of the upper to that of the lower group for the five mouths, November to 
March, was as 106 to 100, the number of rainy days being as 107*7 to 100 ; 
and for the seven months, April to October, it was as 96 to 100, and the 
number of rainy days as 105-3 to 100, the relative humidity of the air for the 
corresponding periods being respectively 87 and 78. 

The late Mr. Thomas Hawksley, C.E., many years ago laid it down 
as a rule that for engineering purposes the increase of rainfall with 
altitude might be taken as 3 per cent for every 100 feet This, I 
believe, has been generally adopted by the engineering profession in 
Parliamentary inquiries on water supply. I do not think, however, that 
it is correct 

From the data which I have given in this paper the increase of 
rainfall with altitude comes out as follows : — 



100 feet + 9 per cent. 

200 „ +8 „ 

800 „ -f 8 „ 

400 „ +14 „ 

500 „ + 1 



600 feet + 5 per cent 
700 „ +88 „ 
800 „ + 8 „ 
900 „ .+ 4 „ 
1000 „ -21 „ 



With a much longer period of observations and a larger number of 
stations these percentages might be considerably modified, and certainly 
would be more uniform. 

Each individual case must, however, be judged on its own merits, as 
exposure, position, and surroundings, as well as altitude, greatly affect 
the rainfall. 

As the late Mr. G. J. Symons, F.R.S., said in British Rainfall, 1896, 
p. 24, " the influence of position with respect to hills and valleys is far 
greater than that of altitude.'' 



DISCUSSION. 

The President (Dr. C. Theodore Williams) said the paper was a very 
valuable one, and he specially commended the way in which the matter had 
been handled. By grouping the stations into east and west he thought the 
subject could be more readily gra8})ed. 

Mr. Baldwin Latham said Uie question of the increase of rainfall with 
altitude was a very important one to engineers, and often had to be considered, 
especially when going into a strange country. If only more observations and 
more calculations of the same kind were made, the benefits to engineers generally 
would be greatly enhanced. He thought that each district should be dealt 
with by itself if any definite conclusion was to be arrived at For instance, in 
the Breconshire hills district, and on the hills round Snowdon the increase of 
rainfall with elevation was enormous, and greatly in excess of anything to be 
met with in the east of England, where no such elevations could be found. He 
would like to see each district mapped out separately, and he hoped some one 
would be able to go into the matter more fully. 

Mr. H. SowERBY Wallis said the Fellows were much indebted to Mr. 
Marriott for his most interesting paper. There was one point which he thought 
Mr. Marriott had overlooked, that was, as to how far many places in the eastern 
portion were dependent on North-east winds for their rainfall. He had heard a 
good deal of discussion on rainfall matters in Parliamentary Committee rooms, 
and was of opinion that engineers generally had not accepted the rule of three 
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per cent increase for each 100 feet of elevation. Mr. T. Hawksley arrived at it 
in connection with the Vartry works for Dublin, and did not contend that it 
was applicable in all cases. He (Mr. Wallis) had tried working with small areas, 
and various periods, but could get no uniform result The influence of position 
was the all-important fact 

Mr. K Mawley said that Mr. Marriott had undertaken the preparation of this 
paper at the request of the Council. If some one could be prevailed upon to take up 
the subject he thought Mr. Marriott would be glad, and he was sure Mr. Wallis 
would give all the information in his power. If there was no increase of rain 
with elevation there certainly was an increase of wind ; and he did not think 
the gauges caught the full amount of rainfall when a strong wind was blowing. 
Unfortunately, the higher one ascended the greater influence the wind exerted. 

Rev. Dr. J. D. Parker said that at Hawes Junction, which was over 1000 
feet in altitude, the rainfall was very heavy ; while at Hawes, Yore Bridge, and 
Aysgarth Vicarage the fall went down by steps ; and still lower down the dale 
the amount greatly decreased. Recently he had been brought into personal 
contact with the power of the rain-storms amongst the hills, for at Fossdale farm 
in Wensleydale a storm had completely wrecked the garden, yard, and outhouses, 
doing also an enormous amount of damage to the tenant's cattle, sheep, and im- 
plements ; destroying at the same time the picturesque gorge of the well-known 
Hardraw Scarr — all in half an hour. 

Dr. H. R. Mill said that greater clearness would have resulted if the observa- 
tions had been subdivided into small groups, not into counties, which were 
artificial units, but into natural regions. The artificial character of county 
divisions was very probably the reason why satisfactory results had not been 
obtained by Mr. Wallis. The exposures should have been taken into considera- 
tion. It would be very interesting to group the stations into natural districts, 
such as the Lake district, the hilly portion of Wales, the Pennine Chain, and 
other regions of England ; and then to divide the stations in each district into 
two groups, those facing east and those facing west From these it would be 
possible to get a better approximation to the average change of rainfall with 
elevations in different types of country. He was certain there was an increase 
of precipitation with a rise in altitude ; the Ben Nevis observations placed the 
fact beyond doubt 

Rev. Dr. J. D. Parker said he thought that rainfall did not always increase 
with elevation, for at his house at Bennington the fall was frequently heavier 
down in the village than on the hill where he lived, and showers were often 
experienced in the valley that did not reach him at all. 

Mr. R. H. Curtis said the rainfall of any place depended upon other factors 
besides its height above sea-level, and its position east or west of the watershed ; 
and therefore it was unsafe to group together a number of stations spread over 
a considerable range of latitude without having regard to their geographical 
positions, and to the features of the districts in which they were severally 
situated. In the present paper stations in Cornwall had probably been grouped, 
with others in Westmoreland, and possibly with others at intermediate latitudes ; 
and since the rainfall at each of the stations was probably influenced to some 
extent by its own local surroundings, the mean result derived from the grouping 
could hardly be regarded as a true exponent of the efl'ect due to altitude alone, 
or to any other single cause. In his recent discussion of the meteorology of a 
position of Sussex Dr. Mill had shown how largely rainfall was affected, not only 
by height above mean sea -level, but also by the geological character of a 
district, the rainfall on the same contour line varying as the position of the 
stations changed relatively to other and purely local features of the country. 

Mr. F. J. Bbodie agreed with previous speakers in the opinion that varia- 
tions in the amount of rainfall are due not merely to the effect of altitude, but 
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to the actual situatioiiB of the gauges with regard to hill and valley ayatems. 
He had long been of opinion that in order to obtain anything like an intelligent 
explanation of local differences in rainfall the values must be plotted on oro- 
graphical maps of the largest scale available. It must, however, be remembered 
that to indulge with any success in work of this kind it is absolutely essential 
that the exact positions of the gauges should be known, and that in many cases 
such information is not readily available. The information is, of course, best 
obtained by personal inspection ; but, where this is impossible, it might in 
many cases be had from carefully drawn plans supplied by the various observers. 
He (Mr. Brodie) concurred in Uie hope that Mr. WaUis might, at some future 
date, find time for an inquiry of the kind so much desired by meteorologists. 

Mr. J. H0PKIN8ON said that he had been working for some time with the 
Tables used hj Mr. Marriott, but only with the view of deducing the mean 
monthly and annual county rainfall in England and Wales, dividing England 
into four districts — noilh, midland, south-east, and south-west In the last con- 
versation he had with Mr. Symons he mentioned the increase of rainfall with 
elevation, and from east to west, and Mr. Symons remarked that the observed 
increase was due neither to the height nor the longitude, but to the aspect of 
the stations. He was sure that they were all much indebted to Mr. Marriott for 
this paper, which must have involved a great amount of tedious labour. He 
(Mr. Hopkinson) had sometimes spent hours in finding out and correcting a 
mistake detected by the sum of the monthly falls not agreeing exactly with the 
yearly fall for a number of years at several stations. By such non-agreement 
he had already detected about a dozen mistakes in the printed Tables referred 
to for the years 1881-90. He doubted whether deductions derived from the 
suggested classification of the gauges according to their aspect would repay the 
labour which would be entailed by such an investigation. 

The Presidsnt (Dr. C. Theodore Williams) said that Mr. Symons had 
supplied him with rainfall records from Wales, and it had struck him from 
these that the matter was purely one of condensation. When the station was 
high and facing west a heavy fall of over 50 ins. was to be expected ; but 
when low, and even if still facing west, only from 25 to 30 ins. would probably 
be measured. He had learnt much from the discussion, and he was sure it was 
one which Mr. Symons himself would have thoroughly appreciated. 

Mr. W. Marriott, in reply, said that he had extracted the figures some 
time ago, but that the paper had only been prepared for the meeting. He had 
experienced some difficulty in grouping the stations, and had found it best to 
arrange them under ^ west '' and " east." He had only used those stations 
which continued for the whole 10 years. He would have liked to have gone 
. into the matter more thoroughly, and he hoped that some one else would deal 
with the subject in a much more exhaustive manner than he had done. 
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DESCRIPTION OF HALLIWELL'S SELF-RECORDING 
RAIN GAUGE. 

By JOSEPH BAXENDELL, F.RMetSoc. 

(Plate XIV.). 
[Read June 20, 1900.] 

I FEEL that I owe some apology to the Fellows of the Society for 
venturing to bring before their notice a description of a new Self- 
Recording Rain Gauge, at a period when very nearly fifty different kinds 
have already been invented. I can but, however, remark that the present 
Gauge had its origin in the circumstance that after carefully considering 
the principles and arrangements of each of the many patterns already 
designed, I was unable to satisfy myself that any one of them merited 
the title of a standard gauge, or fulfilled all the conditions which it 
seemed distinctly desirable that such an instrument should fulfil, and 
which appeared to me to be reasonable. 

An expensive Self-Recording Rain Gauge, most highly recommended, 
was brought into use at the Fernley Observatory, Southport, some time 
ago, but was speedily found to be by no means satisfactory in action ; 
and the cheaper ones more recently introduced by well-known makers 
were seen to possess drawbacks of other kinds. Finally, therefore, I 
arranged with Mr. F. L. Halliwell, the chief assistant at the Observatory, 
and himself an expert mechanic, to endeavour to design and construct a 
new instrument, as nearly as possible to my requirements. It appeared 
to me that a good Rain Gauge should possess the following features : — 

1. The case should be constructed of substantial material, and the 
height of the rim above the ground should not exceed 18 ins. 

2. The Gauge should furnish pen-records, identical, in regard to total 
rainfall, with the indications of standard Meteorological Office and Snow- 
don pattern Rain (ranges. 

3. The instrument should give an absolutely continuous record, and 
not a step-by-step one. 

4. There should be no perceptible friction in any of the working 
parts, or in the pen-action ; and it should be possible to deduce from the 
charts the exact duration of appreciable rainfall. \ 

5. The instrument should give a distinct and accurate record, on the 
one hand, of a very heavy tropical downpour, and, on the other, of a wet 
fog or. misty drizzle ; without in either case necessitating the use of a 
greater surface of paper than that of a sheet similar to the one required 
for the Dines Recording Pressure -Tube Anemometer. It should be 
susceptible of construction also in a weekly form, with a smaller chart, 
suitable for the use of the general public. 

6. The divisions on the charts should be rectangular, and the scales 
uniform throughout. 

7. It should not be necessary to employ electricity to obtain the 
records. 

8. No tubes of any kind in the instrument should have a bore 
smaller than three-eighths of an inch. 
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9. The working parts should require little or no attention, after once 
being properly placed in position at the Station. 

10. The Gauge should contain apparatus for melting falling snow, 
with a minimum amount of evaporation. 

11. Everything should be as simple as possible, but each detafl should 
be carefully thought out and tested, and accurately finished. 

12. The total cost of the Gauge, complete, should not exceed £10. 
After experiments extending over nearly two years, Mr. Halliwell has 

now produced a Self-Recording llain Grange which I have accepted, and 
which, indeed, approaches much more closely to my ideal standard than I 
had dared to hope would be practicable. I therefore venture to com- 
municate the following description of it to the Society : — 

An 8-inch Meteorological Office pattern Rain Gauge receiver, of 
copper (having the usual deep rim, capped by a stout brass rmg ground 
at the top to a sharp edge), is borne upon a cylinder of the same diameter, 
and this covers a vertical clock-drum of the usual Richard type. The 
cylinder and the clock spindle are secured to the lid of a rectangular 
galvanised iron '^well," 9 ins. square and 21 ins. deep, which is sunk in 
the ground ; and, when all is fixed in position, the upper edge of the rim 
of the daily Gauge is 18 ins., and that of the weekly one only 15 ins., 
above the ground, the exposure of the instruments being therefore 
virtually identical with that of an ordinary standard Rain Gauge. The 
cylinder is detachable, and is lifted off when the chart requires changing. 
Both it and the " well " may, if preferred, be replaced by an iron frame- 
box fitted with four plate-glass sides, in order to render the recording 
arrangements visible ; but this necessitates slightly increasing the height 
of the rim above the ground, and also adds somewhat to the otherwise 
low cost of the instrument. 

From the funnel the rain is conveyed by a half-inch brass pipe to 
the well, where it falls into a modified partially tipping bucket, in one 
side of which is brazed a half-inch or other large-bore siphon. The 
bucket is suspended, at a suitable point, on knife-edges, in a hanger, 
which in turn depends from a pulley-wheel by a snake-pattern chain 
secured to the groove of the wheel and coiled partly round it. The pulley- 
wheel is rigidly attached to its axis, and immediately behind it, similarly 
fastened to the same axis, is a good-sized cam, carefully balanced, how- 
ever, by a false one ; and in the rear of these again is a second pulley- 
wheel. A line suspended from the part of the grooved periphery of 
the cam nearest to its axis carries a suitable weight A chain upon 
the second pulley i*aises or lowers a rod, which simply bears against the 
pulley, and is kept vertical by being weighted at the bottom. On the 
top of the rod is a new kind of frictionless pen. The joint axis of the 
cam and two pulleys revolves on anti-friction rollers ; and, in actual use, 
practically no f rictional effect is apparent in any part of the instrument. 

As water falls into the bucket the latter descends, the line carrying 
the weight being gradually wound upon the periphery of the cam ; at 
the same time the pen is being vertically raised. The divisions on the 
chart are rectangular, and the scale uniform throughout. 

Immediately half an inch of rainfall has been collected, in the case 
of the daily form of the instrument, or one inch in that of the weekly 
pattern, the bucket quietly turns through a moderate angle, bringing the 
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large siphon at once into action, full bore. The amount of return-water 
from the short leg of the siphon at the end of the discharge is found to 
be on all occasions the same, and hence the zero is constant. The bucket 
of course automatically rights itself. There is no possibility of the half- 
inch siphon dribbling, of its starting before the time, or of its continuing 
to carry off the water during a tropical downpour after the end of the 
proper discharge. 

This combination of a moderately vibrating bucket and a large-bore 
siphon is found to be decidedly preferable to any tipping bucket alone, 
the latter entailing the provision of a plunger worldng in glycerine, or 
some similar attachment, for the purpose of preventing the instantaneous 
return of the pen to zero, by which ink would be jerked out, and the 
chart otherwise spoiled. 

The bucket of the daily Gauge is completely emptied in six seconds ; 
for the weekly one a rather larger siphon is employed to secure the 
same result, the discharges in its case only occurring half as frequently 
as in that of the daily one. The quantity of incoming rain lost during 
six seconds, and this but once for each half-inch (or inch) of rainfall, is, 
under all ordinary circumstances, entirely inappreciable ; nevertheless, a 
double bucket, with a pair of siphons, can, if required, be fitted to the 
gauge in place of the single one, without material effect upon the total 
cost, and then nothing whatever will escape collection. 

The indications of the instrument in its present form are identical 
with those of the standard Meteorological Office and Snowdon Rain 
Gkiuges. The water passing through it can, however, be retained, and 
subsequently measured by hand. 

The rain scale adopted for the daily Gauge is 0'50 in. to five inches 
of paper ; that for the weekly is 1 '00 in. of rain to three inches of paper. 
The time scale of the daily one is made to correspond exactly with that 
employed for the Dines Pressure-Tube Anemometer and for the Recording 
Anemoscope described on pp. 326-328 of the last volume of the Quarterly 
Journal, The time scale for the weekly one is that generally used by 
Richard of Paris, and other makers, with, however, the substitution of 
straight abscissae for Richard's curved ones. The instniments could, if 
desired, be constructed for any given scales. The charts are printed on 
waterproof paper. 

The rain in the bucket is most readily prevented from freezing in 
winter, and moderate falls of snow melted, by the use of a small gas 
burner, which entails very little expense in cases where gas is laid within 
a reasonable distance of the Rain Gauge. Otherwise, special dwarf 
candles, to bum 26 hours, can be obtained. 

I cannot conclude without acknowledging the very great assistance 
which has been afforded to Mr. Halliwell and myself by the late Mr. G. J. 
Symons' absolutely unique series of articles on Self-Recording Rain Gauges 
in the volumes of Britkh Rainfall for 1878, 1879, 1884, and 1898. 

Addendum, — Since the above was written, it has been found possible 
to suspend from the same pulley-wheel both the bucket and the rod 
carrying the pen, thus dispensing with one wheel, and rendering the 
instrument even more simple than before. 
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DISCUSSION. 

The President (Dr. C. Theodore Williams) aaid that be waa aure the 
Fellows would record their thanka to Mr. Bazendell and Mr. Halliwell for this 
interesting paper. 

Mr. W. H. Dines said that the instrument seemed to him, so far as he 
could judge from the drawings, to be in every way satisfactory ; and he much 
liked the plan of combining a tipping bucket and siphon. Referring to self- 
recording rain gauges in general, he said that the precise determination of heavy 
falls of short duration depended on the time scale. With the clock drum used 
in this case an interval of one minute of time corresponded to about one- 
hundredth part of an inch, and with a fine pen kept in good order it was 
possible to determine the interval in which any given amount fell without 
much chance of the error exceeding two minutes. 

Mr. R. H. Curtis said that as he had had a great deal of experience with 
another form of self-registering rain gauge, and had also seen Mr. UalliweU's 
gauge and some of its records, he would like to call attention to one or two 
points which appeared to be specially good features in the latter. The first was 
the rapidity of its discharge ; and on this head he might mention that at 
Plymouth, in August 1898, during a very heavy thunderstorm, the Beckley 
gauge had, after recording the first two-tenths of an inch, gone on indicating 
no rairiy owing to the fact that the rain was actually falling faster than the 
siphon could discharge it from the float. The Corporation had bought the gauge 
as one result of a lawsuit they had had, in the course of which the need had 
been felt of data such as it was intend«i to supply; and therefore this result, 
in the first heavy storm after its erection, was particularly disappointing. A 
similar accident could not occur with Halliweirs gauge. The open scale of the 
record was another advantage of this gauge, because it enabled one to follow 
easily every variation in the rate of fall ; and this open scale, combined with 
the sensitiveness of the bucket, allowed small amounts of precipitation to be 
measured which might otherwise be lost, but which in the aggregate might 
amount to a considerable quantity in a month. The fact that heat could be 
applied in times of frost and snow was also an advantage which could not be 
secured in some forms of gauge ; and he had personally had a good deal of 
trouble in allocating falls of snow to the hours at which it had fallen, because 
it had not been possible to melt it as it fell. He understood from Mr. Baxendell 
that the dwarf candles acted satisfactorily ; and, in reply to a question, he 
added that he did not think any diflBculty need be anticipated with respect to 
the clock, as he had found similar clocks to work quite satisfactorily under con- 
ditions as severe as those to which these were likely to be subjected. He was 
sorry no specimens of the trace had been sent, but he could speak to the satis- 
factory character of those he had himself seen. He thought the inventor had 
shown great ingenuity in contriving the mechanism of the instrument^ and 
from its simplicity it was not likely to get out of order easily ; whilst its price, 
he thought, was remarkably low. 

Mr. H. Sowerby Wallis remarked that he had not seen the rain gauge, 
but thought that it possessed an advantage in the fact that the bucket did not 
tip with a small amount of rain. He had had no experience of the Beckley 
self-recording gauge, but had obtained good results from the Casella instrument. 
If the working pen was kept in good order it was possible to read off to inter- 
vals of two minutes. 

Dr. R. H. Scott inquired if any one present had had experience with any 
of the heating arrangements for the melting of snow, as it entered the gauge. 
Lamps had been used in the Babinet self-recording gauge which was mentioned 
by Prof. Fradesso de Silveira at the Leipzig Conference in 1872, but as far as 
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he (Dr. Scott) was aware, that form of rain gauge was not now in use, so that 
presumably its action had not been satisfactory. 

Mr. H. SowERBT Wallis said that he had worked a Casella gauge for 14 
or 15 years, and during that period had obtained reasonably good records in all 
ordinary falls of snow. He had used night-lights for warming the funnel, and 
on appearance of snow at night always put in two at 9 p.m. Some amount was 
evaporated by the heat, and this loss probably amounted to as much as 5 per 
cent 

Mr. E. Mawley said that judging from the diagram he thought very highly 
of the instrument, but wished some tracings had also been exhibited. He him- 
self had used a Casella recording rain gauge for some years, and had always 
found it work satisfactorily. The trouble was to keep it in good working order, 
and it should be frequently overhauled and the pencil looked to. By greasing 
down the sides where the roller moves it was found to work much more easily. 
He had tried to devise a plan for suspending a lamp from a kind of diaphragm, 
so as to shut off the heat from the bucket, but could not get the lamp to bum. 
During the heavy snowstorms of January 1881, Mr. Latham seemed to be the 
only observer to get good results, and he thought it must have been through 
constantly watching his gauge. He could not make out how Mr. Wallis's gauge 
had worked so well. 

Mr. Baldwin Latham remarked that during the heavy snowstorm of 
January 1881 he had stayed up all night and thus secured his record. In 
snowy weather he used a petroleum lamp with a |-inch flame, which was 
sufficient to melt the snow as it fell into the gauge, providing the fall was not 
too heavy. Of course some was always lost by evaporation owing to the large 
amount of heat used, and the total amount measured on the diagram was 
generally a little behind what would be recorded when rain only falls. 

Dr. R. H. Scott inquired about the measurement of hail, which would 
probably take longer to melt than snow. 

Mr. Baldwin Latham thought there would be no difficulty with hail, as it 
was generally associated with thunderstorms, and usually fell in the summer 
months when the gauge was warm. Mr. Baxendell had given great attention 
to that branch of rainfall which was especially valuable to engineers, namely, 
the rate of fall and the actual time occupied in falling. The new recording 
gauge was certainly a very ingenious instrument, its action depending upon a 
cam with a bucket for containing the rain at one side, with a counterweight on 
the other side, so arranged that as the bucket increased in weight with the 
volume ot rain falling the leverage diminished and the counterweight still 
equipoised the weight of rain, and therefore there was no liability for the 
instrument to race. The shape of the bucket showed considerable ingenuity, as 
it was not until it had got its full charge of water, of half an inch, that it 
tilted and started the siphon suddenly to work so as to completely empty it, 
and on being emptied it resumed its former position, and the instrument started 
to again record from zero. 

Mr. F. Campbell Batard inquired if a pendulum clock could be substituted 
for the French clock, as the latter did not go well out of doors. 

Mr. J. Baxendell, in a note to the Secretary, in reply, said that the 
method of heating by means of a gas-jet had proved to give decidedly more 
satisfactory results than either the dwarf candles or ordinary night-lights, but 
that since the paper was written a special adjustable paraffin lamp had been 
arranged which was found to answer very well ; and as it could be constructed 
to bum satisfactorily inside the gauge for three days without attention, it should 
be useful in the many localities where gas is not available. Pendulum clocks 
could readily be substituted for the French spring ones, if preferred, but, with 
care, the latter (somewhat improved) seemed to work sufBciently well. He 
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much regretted that no specimen traces were sent with the paper ; some should, 
however, be submitted to the inspection of the Fellows at the next opportunity. 
He might add that, in addition to the weekly pattern of the gauge, mentioned 
in the paper, it had been thought desirable to construct another, with a more 
open scale, viz. 1 inch of rain to 5 inches of paper, and a length of about 14 
inches to the week. 



Heayy Ra-^nfan in Local Storms. — We are sometimes asked where all the 
rain comes from that falls during a short time in a thunderstorm or cloud-burst 
Three inches of rain in an hour makes a very heavy local rain. Rainfalls from 
3 inches in half an hour up to 12 or 15 inches in an hour are spoken of as 
cloud-bursts. The heaviest rains are those recorded at Cherrapunji, amounting 
to 30 or 40 inches in a day. It is very rare that rain falls from absolutely still 
air. In general, there is a horizontal movement, which we detect by the motions 
of the clouds, and an ascending movement which is easily seen if we study the 
phenomena going on within the clouds. This ascending movement is very 
violent in thunderstorms and tornadoes, is always present in waterspouts, and 
in the general heavy rains attending areas of low pressure. In studying the 
thunderheads, or great cumulus clouds, of a thiuiderstorm, we see a rapid ascen- 
sion going on at the top of the cloud, nearly over the region where hail and the 
heaviest rain occur. Evidently the quantity of rain that falls upon any given 
area represents, not merely the vapour precipitated from the air over that area 
at any moment, but from the successive masses of air that flow over it during 
any given time. Thus at Cherrapunji, India, the heavy rains drop from a rapidly 
moving South-west Monsoon current flowing over the Khasia Hill& It is not 
improper to assume that the heavy rainfalls that we call local rains are also due 
to the supply of moisture brought by rapid currents flowing over any given 
spot Thus, in the hailstorm, and in the centre of a large cumulus cloud, the 
currents of air ascend rapidly, while in the general widely extended rains they 
ascend slowly. One can easily calculate the total depth of rainfall in the 
column of air extending from the ground to the upper limit of the atmosphere, 
with results as shown in the accompanying table, prepared in 1883, but published 
in the Smithsonian Report for 1888, p. 410. 
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These figures apply only to still air, and are to be modified to an indefinite 
extent if horizontal or vertical movements are taking place. — U.S. Monthly 
Weather Revieio, May 1900. 
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May 16, 1900. 

Ordinary Meeting, 
Dr. C. Theodore Williams, President, in the Chair. 

James Dunn, BrunBwick Houfle, Cambridge ; 

T. Almond Hind, Goldsmith Buildings, Temple, E.C. ; 

Richard Hunter Maund, CConnell, New South Wales ; 

Francis Davidson Outram, AssocM.InstC.E., The Manor Lodge, Worcester 
Park, Surrey ; 

Rev. Harcourt Charles Vaux Snowden, St Peter's, Kent ; 

Prosper Charles Trebeck, 2 0*Connell Street, Sydney, N.S.W. ; and 

William John Trevaskis, Georgetown, Demerara, British Guiana, 
were balloted for and duly elected Fellows of the Society. 

The following communications were read : — 

"The Wiltshire Whirlwind op October 1, 1899." By the late Q. J. 
Symons, F.R.S. (p. 261). 

"The Variations op the Climate op the Geological and Historical 
Past and their Causes." By Dr. Nils Ekholm, Hon. Member Roy. Met. Soc 
[This paper will appear in next number.] 



June 20, 1900. 

Ordinary Meeting, 

Dr. C. Theodore Williams, President, in the Chair. 

The President announced that the late Mr. G. J. Stmons, F.R.S., had 
bequeathed to the Society the Album presented to him by the Fellows in 1879, 
his Medals, a portion of his valuable Library, and the sum of JB200. 

The following letter was read : — 

Mauritius Meteorological Socibtt, 
Royal Alfred Observatory, Mauritius, 
May 7, 1900. 

Dear Sir — I am requested by the President and Council of the above Society 
to inform you that at a meeting of the Society on Thursday last, May 3, 1900, 
referring to the death of Mr. G. J. Symons, it was unanimously resolved : 

That the Society should record their deep sense of regret at the lamented 
death of so distinguished a Meteorologist whose labours had been of such benefit 
to science, and who had always taken a kindly interest in the welfare of the 
Mauritius Meteorological Society. — I am, your obedient servant, 

T. F. Claxton, 
The President, Hon, Secretary. 

Royal Meteorological Society. 

Murray L. Allen, Kosciusko Observatory, Jindabyne, N.S.W. ; 
Nicholas Cullinan, M.D., Ponty mister, Monmouth ; 
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Arthur John Leopold Evans, Town Hall, Luton ; 
John St. Clair Qunn, M.B., Bloomsburj, Kaikowra, New Zealand ; 
Capt William Perfect Lapage, 69 Gordon Road, Ealing, W. ; and 
John Little, Low Friar Street, Newcastle-on-Tyne, 
were balloted for and duly elected Fellows of the Society. 

The following communications were read : — 

'* Rainfall in the West and East of England in Relation to Altxtudb 
ABOVE Sea-Level." By William Marriott, F.RMetSoc. (p. 273). 

" Description of Halliwell's Self- Recording Rain Gauge." By Joseph 
Baxendell, F.R.Met.Soc (p. 281). 



CORRESPONDENCE AND NOTES. 

The Olimate and Diseases of Northern BnudL — The moet northern of 
the United States of Brazil is the State of Pard, which occupies a vast region of 
that Republic comprised between 3* 11' and 15* 20' of longitude West of the 
meridian of Rio de Janeiro and between the 4" 22' of North latitude, and 9"* 
15' of South latitude, also wholly in the tropical zone. The city of Panl lies 
very near the Equator at V 28' S. lat The State is bounded on the north by 
the Atlantic Ocean, French, Dutch, and English Guianas ; on the east by the 
States of Maranham and Goyaz ; on the south by the State of Matto-Grosso ; 
and on the west by that of Amazon. In extent its territory is the third State 
of Brazil, and corresponds to one-seventh of the Brazilian territory and to one- 
thirteenth of the surface of South America. Though there has been lately a 
decided increase of population, especially of the town of Pard, the numerical 
value of the population of the whole State is small, less than 500,000. In the 
different rivers of the neighbourhood of Pard, as well as on the maritime coast, 
there are numbers of islands, some of which are exceedingly large. Opposite 
Pard there is the so-called ^* Panther Island '' (Isla do On9a), and a little farther 
on the island of Catnoca. The latter is so situated that it commands the port 
of Pard, and is particularly suitable for a sanitary station. The establishment 
of such a station was very much needed in order to avoid the very great in- 
convenience of ships that are obliged to be quarantined, having to go to Ilha 
Grande, situated to the south of Rio de Janeiro. For instance, in August 1899 
several cases of bubonic plague having been noticed in Portugal, the different 
ships coming from Europe, which had touched in Lisbon, were not allowed to 
land, but were sent to the only quarantine station for the whole of Brazil at 
Ilha Grande. In consequence of this Pard was without letters from Europe 
for many weeks, whilst with a sanitary station at Catnoca island the quaran- 
tine might have been reduced to one or two weeks. Quite recently a sanitary 
station has been established at Catnoca island. 

Mosqueiro is situated on the right bank of the river of Pard. This place 
has become a favourite resort for the people of Par^ ; Pinheiro, about half the 
distance from Pard to Mosqueiro, is also a very much frequented and popular 
locality. Opposite Pard, but hidden by the Panther Island, is the large island 
of Marajo. According to the waters which bathe them, the shores of these 
islands differ one from the other. On the west coast, bathed by the Amazon, 
are found lowlands, muddy and clayey, whilst on the northern part of the coast^ 
blown over by winds, tlie shores present a reddish sand, which becomes hard 
and cemented by clay, forming blocks over which the shallow water rolls. On 
the contrary, the northern and southern coasts are characterised by the frequent 
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presence of coarse beds : ferruginous sandstones on one hand and white sand on 
the other. In a longitudinal band, which does not extend three miles in its 
greatest width, based on the reefs, the eastern coast rises i»ith some little 
interruption to a superior height to the general level of the island, but 
without reaching a sufficient height to form a hill. The largest layers of the 
complicated Amazonian deposits are plainly visible in the island of Marajo. 
They are lying from west to east with a slight declivity. At the bottom they 
are clays and marls,, in a fine state, without granulation, so that the mass is 
absolutely uniform and homogeneous. Then appears a mixture of clay and sand, 
in thin regular layers, the sand growing coarser and coarser. Above this first 
system appears another deposit of gravel and grains of different rocks : silica, 
limestone, and oxide of iron, the latter sometimes in such a proportion that the 
coarse sandstone looks like an iron ore. The characteristics of these layers are 
the great variety of materials forming the sandstone. They present nearly 
everywhere the same parallelism, sometimes 90 feet, and even more, in thick- 
ness. Above them is placed the result of conglomeration of very fine sandy 
clays which present vestiges of stratification. 

There are two entirely opposite ideas on the climate of the State of PanL 
According to some Pard would appear to be a relatively healthy place, but 
according to others it would be a deadly place for the Europeans. Why do we 
have such a difference of opinion ? Those who speak of the relatively low 
death-rate take of course the death-rate on all the population. They might 
see, for instance, that the monthly death-rate varies between 0*2 and 0*3 per 
cent. This taken on the whole population would not appear exceedingly high, 
but it is high when we take the proportion of diseases not on the whole 
population, but on the immigrants and travellers. So far as it is known it is 
those who have to suffer most 

Now, if we look at the statistics of the diseases we see that the infectious 
ones are the most prominent, and, above all, the yellow fever. The deaths due 
to yellow fever amount yearly to something like 300 (sometimes even more). 
This disease is specially fatal to the newly-arrived European, often soon after 
his arrival, or after a few weeks or months. However, those cases could be 
reduced if the quantity and the quality of food and drink were carefully regu- 
lated so as to be appropriate to the local conditions of an equatorial country. 
By carefully avoiding gastrointestine and hepatic troubles, and by taking more 
or lees vegetable food, a good deal of those infectious diseases would never appear. 
Local statistics do not give the proportion of Europeans who arrive and who 
die ; they give the number of Europeana who passed away, but they give only 
the total number of passengers, including Brazilians and passengers of every 
nationality. However, it could be recognised without difficulty that the death- 
rate for foreigners is greater than a few per cent And that is why this climate 
18 considered as a centre of fevers in general 

It has been said that the temperature of Par4 varies between the narrow 
limits of TO"* and 90"*, and that there is a great regularity in the variation of 
temperature. No doubt this might be for some months of the rainy season, 
but is surely wi*ong when taken in general. For the last three months of 1899 
the temperature of the air in the shade was near 100"*, and that of the grass 
in the shade over 104^ Then the rain did not fiedl in the afternoon as 
ordinarily, and thus did not soften the climate. The period from October 1 to 
December 31, 1899, has been exceedingly dry ; in all other so-called dry 
seasons there had idways been more rain than in this period. The total 
amount of the rain of the last three months of 1899 shows how far from 
reality are the so-called '' perpetual rains " on the Equator and on the sea-shore. 
When the rain is very abundant it is chiefly in the first months of the year, 
bat eyen here we see that 1900 has been exceptionally dry. What ia certain 
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is that the temperature of Pard in the so-called dry season is something quite 
different from that of the rainy season. How far does this agree with other 
statements according to which the wet period would be the hottest 1 In the 
so-called rainy season, immediately after a rain, the temperature seems relatively 
somewhat higher (may this be due to the absence of wind or to some other 
reason ?), but the temperature of the whole of the rainy season is much lower 
than that of the dry season. If the day temperatures are high, the nights 
are, however, very agreeable, and in general as mild as in the temperate 
zones. The minimum is the temperature of a part of the night, generally a 
little before sunrise, whilst the maximum is the temperature of the early after- 
noon, very frequently about 2 p.m. The clouds form in the course of Uie day, 
whilst in the early morning the sky is generally without clouds. On the days 
when there has been some rain the clouds begin to form in the forenoon, con- 
dense in the afternoon, and in the nights the sky is generally without clouds. 
In the dry season most evenings are splendid owing to the freshness and 
brilliancy of the atmosphere. The winds blow more or less constantly from 
East and North-east, but it is specially in the late afternoon that they are well 
marked. 

For the last months of 1899 it does not appear at first sight that there 
is equality between the rain and the evaporation from the surface of free 
water. Tliis year has been relatively dry, but as a rule, in this equatorial 
zone, the rainy season lasts from October till May, and the quantity of rain that 
falls is very considerable in all the Amazon basin and all along the Northern 
coast. This abundant rain gives rise to inundations over a great part of the 
Amazon basin. The Amazon river deposits a quantity of fish and other aquatic 
animals which are unable to go back, when the level of the river is diminish- 
ing. The temporary swamps give rise to most unhealthy emanations, and this 
not only on the banks of the river, but equally in the plains of the interior. 

In the temperate climates the barometric pressure vanes considerably with 
the changes of weather, and the variation may amount to over 078 in. On 
the contrary, in Pard, the barometric variations due to the influence of the 
change of weather are much less, and amount to something like 0*0975 or 0*1 17 
in. But, on the other hand, there are daily periodic variations which repeat 
themselves with great regularity. Those daily periodical variations appear 
everywhere with the alternation of day and night, and are produced with a 
great regularity wherever this alternation between day and night is itself 
very regular, as it is at and near the Equator. The regularity of the daily 
oscillation exists in Pard, and this can be seen on examination of the tables 
giving the barometric pressure at the different hours of the day, and is quite 
clearly noticeable, when account is taken of all other elements, temperature, 
rains, etc. It is specially the amount of vapour of water present ;n the atmo- 
sphere which should not be overlooked, and by deducting from the barometric 
pressure (on Dove's principle) the amount of inches due to the tension of this 
water vapour, we might perhaps have had an even greater regularity. What- 
ever it might be, we see that, in January for instance, there is a maximum 
at about 10 a. m. and a minimum at 4 or 5 p.m., the daily difference between 
the extreme oscillations being 0*078 or 0*1 17 in. There is equally a maximum 
and a minimum during the night ; the difference, however, is much smaller than 
that of the day. The movement of the barometer is greater by day than it is 
by night ; the morning maxima and the afternoon minima differ respectively 
more from the mean than the other oscillations. The night maximum is at 10 
or 1 1 p.m. and the minimum at 3 or 4 a.m. So the barometer rises from 3 or 
4 a.m. to between 9 and 10 a.m., then falls to between 4 and 5 p.m., rises again 
at 10 p.m., and again falls till about 3 a.m. When greatest, and this is in the 
day and not at night, the fall from the forenoon to the afternoon amounts to 
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0*117 in. Besides, those hours may vary more or less from season to season, 
from month to month, from fortnight to fortnight, but the oscillations of the 
barometric pressure of February and Mai*ch are after all very similar to those of 
January, especially with regard to the maxima and minima. 

The barometer is usually low ; this is in accordance with the general 
experience of equatorial countries. 

It has been said that the foreigner who wishes to live in Pard will find a 
benign climate, which will guarantee him health and strength. However, this 
is not so certain. No doubt on the finest of the summer days the temperate 
climate is sometimes far warmer than Para, but what makes Pard's climate 
trying for many of the European constitutions is the continuity of temperature, 
whilst changes, such as are frequent in the temperate countries, would be most 
welcome. As a result of this temperature being continuously high, the 
quantity of microbes of the air and of the water is quite astonishing. 

EUGBNE ACKERMANN, 

Engineer and Chief qf the CfiemiecU Ldbcraiory 
of the Sanitation Commission of Pard, 

[In Vol. VIIL of the MeUorologische Zeitschrift (1891) Dr. Hann gives a 
summary of what is known of the climate of Pari. Dove, in his Klimatologische 
Beitrdge^ prints some figures, but without giving any authority. The hours 
were sunrise, noon, and 8 p.m. ; the results for temperature are therefore too 
high. The number of years were 4 J for temperature, 1^ for rain. 

Dr. Englenberg, who accompanied Dr. van Ryckevorsel on his magnetic 
expedition to Brazil, carried out regular observations for 1 2 months, December 
1882 to November 1883, in a garden. The screen was louvred, and the ther- 
mometers were about 4 ft. 6 ins. above the ground. Dr. Hann gives data for 
diurnal range, and we must refer to his paper for these data. The accompany- 
ing table gives a brief summary of the principal mean results : — 





Pressure. 


Temperature. 




Vapour Tension. 




Months. 


9 a.m. and 


6 a.m., 2 and 6 


Daily Range. 


6, 9 a.m. and 


Rain. 




4 p.m. 


p.m. 




2, 10 p.m. 






ins. 






in. 


ins. 


December 


29-73 


79-2 


16-8 


•81 


(6-61) 


January 


2978 


77-2 


10-6 


•83 


(18-29) 


February 


29-76 


77-7 


18-1 


•88 


8-98 


March . 


29-79 


76-5 


9-9 


•84 


17^82 


^? : 


29-77 


77-4 


10-3 


-86 


11-14 


29-77 


79-5 


16-9 


•85 


6-73 


June 


29-84 


79-9 


18-9 


•83 


3-70 


July . . 


29-85 


79-2 


19-3 


•80 


3-74 


August . 


29-87 


79-8 


20-5 


•80 


1-89 


September 


29-84 


79-3 


19-8 


•79 


(2-20) 


October 


29-77 


78-4 


20-6 


-76 


(0-67) 


November 


29-76 


78-6 


19-6 


•74 


(4-45) 


Year 


29-79 


78-4 


16-2 


•81 


85-12 



The figures in brackets indicate the rain was not measured daily. 
One interesting remark made by Dr. Hann is that sunstroke appears to be 
unknown at Pard. — Editors.] 

Badcliffe Observatory, Oxford. — The meteorological observations and 
automatic registrations have been maintained as iisual, and the results have been 
regularly sent, as heretofore, to the Meteorological Office (by telegram), the 
Begistrar-General, the local newspapers, the Windsor Chronicle (rainfall only), 
and to sanitary and other public authorities on request, as well as to some 
private inquirers. 

The underground platinum resistance thermometers have worked very satis- 
factorily. Readings of the 5 thermometers buried in the soil at depths of 6 ins.. 
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1 ft 6 iii&, 3 ft. 6 ins., 5 ft. 10 in&, and 10 ft respectively, and of a similar 
one " A " suspended in air in the observing room, have been taken every day and 
reduced to the air scale. In October, thermometer " A " and the upper one of the 
buried instruments were carefully re-standardized, and as the fundamental points 
were found to have remained practically stationary during the year elapsed since 
their previous standardization (the greatest difference being^0*'03 C.) it was not 
thought advisable to go to the labour of exhuming the deeper ones for the 
present 

The following are the chief characteristics of the weather noted at Oxford 
in the year 1899 : — 

The mean reading of the barometer for the year was 29'759 in&, being 
0034 in. above the mean for the preceding 44 years. The highest reding, 
30*485 ins., occurred on November 17 ; the lowest 28*201 ins. on December 29, 
a range of 2*284 ins. 

The mean temperature of the air was 50** '4, being V'^ above the mean for 
the preceding 71 years. The maximum in the air vns 86**0 on July 20 ; the 
minimum 14**9 on December 16 ; the lowest on the grass 7''0 on December 14. 

The following table shows the differences of the mean monthly tempera- 
tures from the corrcsiwnding means deduced from the ol*ier\'ation8 of the pre- 
ceding 7 1 years : — 



January 


. +4*1 


May . 


. -1*1 


September . 


. +1*4 


Febniaiy 


. +2-4 


June 


. +31 


October 


. -1*5 


March . 


. -0-4 


July . 


. +3-9 


November . 


. +4*0 


April . 


. +0-4 


August . 


. +5*7 


December 


. -3*1 



Very warm weather was exiHirienccd in July and August, the thermometer 
in the screen recording over 80'' on 8 days in July and 9 days in August, whilst 
the mean of the daily maxima for the 7 successive days ending August 5 works 
out as high as 82^*0. 

The amount of bright sunshine registered during the year by a Campbell- 
Stokes recorder was 1810 hours, or 382 hours above the mean of 19 years. 
The following table gives the monthly differences from the average : — 





hours. 




hours. 




hourst. 


January . 


. +28 


May . 


. + 8 


September 


. +32 


February 


. +46 


June 


. +71 


October . 


. +21 


March . 


. +44 


July . 


. +85 


November 


. - 6 


April . 


. -22 


August . 


. +80 


December 


. - 8 



The rainfall during the year amounted to 22*024 ins., or 4*164 in& below 
the mean for the preceding 84 years ; the monthly differences from the mean 
appear in the subsequent table, which also indicates a defect of rainfall during 
the whole period, May to October : — 





in. 




in. 




in. 


January 


. +1-031 


May. 


. -0-482 


September . 


. -0*398 


February . 


. +0*404 


June 


. -1*482 


October 


. -0118 


March 


. -1*280 


July. 


. -0*900 


November . 


. +0-244 


April . 


. +0 135 


August 


. -0*607 


December . 


. -0-711 



Arthur A. Rambaut, M.A-, D.Sc., Radcliffe Observer. 



The '* Southern Gross" Expedition to the Antarctic, 1898-1900.— Mr. 

C. E. Borchgrevink recently read before the Royal Geographical Society a paper 
describing the results of his expedition to the Antarctic regions in the " Southern 
Cross.'' This paper has now been printed in the Geographical Joumalj from 
which the following account of the meteorological portion has been reproduced : — 
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The meteorological observations were taken at Cape Adare in lat 7V 18' S. 
during an entire year, from February 1899 to February 1900. They were con- 
ducted on nearly the same lines as at a station of the first order, and as accurately 
and regularly as possible. During nine months of the year readings were taken 
two-hourly, from 9 a.m. to 9 p.m. ; and during the three winter months, June, 
July, and August, two-hourly observations were made day and night Besides 
these readings and those of maximum and minimum thermometers, the self- 
registering instruments furnished barograph and thermograph curves for the 
whole period, and records of the amount of sunshine were made by the Camp- 
bell-Stokes sunshine recorder. The tables given below, although only first ap- 
proximations, are sufficiently exact to indicate the general nature of the climate. 
Observations taken at Cape Adare are possibly affected to a certain degree by 
local accidents, such as the contour of the country and proximity to the sea, but 
the record for the year has the great advantage of being taken at the one spot 

Meteorological observations were taken on board ship every two hours, 
night and day, during the month (January 1899) she was beset in the ice pack. 
The geographical area over which the observations were taken was between 
the parallels 63° 38' S. and 66° 46' S., and the meridians 160° 6' K and 
166° 56' K 

The mean temperature of air for January was 29°-9, and of the sea 29°*6. 
The mean temperature for the second week being the highest in both cases. 

Table I. — Weekly Mean Temperature for January 1899. 

Air. Sea. 



l8t week 30-2 

2nd „ 81-9 

3rd „ 29-4 

4th „ 28-4 



29-8 
30-1 
29-5 
29-2 



The lowest temperature for the month, which occurred on the 29th at 3 a.m., 
was 16°-8 in lat 66° 46' and long. 165° 26' K, off one of the Balleny Islanda 
The highest temperature for the month was 36° -4 at 6 p.m. on the 12th, lat 
65° 3' and long. 161° 42' E. The mean diximal oscillation of temperature for 
the month was 6°-2. The greatest range between the maximum and minimum 
of one day was 16°, the least 1°. 

Light and variable winds prevailed during most of the month ; the force 
was rarely greater than 4, Beaufort's scale. Gales blew on the 9th, 16th, 22nd, 
and 23rd, when the velocity of the wind exceeded 30 miles an hour. 

The weather may be summarised as 5 days' clear bright simshine ; 1 3 days' 
snow and sleet ; 2 days' rain, when temperature i-ose above 32° ; 4 days' mists 
and fogs ; and the rest overcast. 

As will be seen from the tal)le given below, the mean temperature at Cape 
Adare is above zero for six months in the year, and below zero for six months. 

Table II. — Monthly Mean Temperatures, 



Month. 


Mean 
Temperature. 


Date of 
Maximum. 


Maximum. 


Date of 
Minimum. 


Minimni 


1899. 


o 




o 




o 


Febmary . 


26-4 










March . 


17-7 


5th 


31 1 


25th 


- 2-5 


i&. : 


10-3 


2nd 


30-0 


19th 


-10 


- 4-6 


4th 


23-2 


18th 


-311 


June 


-11-8 


nth 


14-1 


8rd 


-36-0 


July . 


- 8-6 


18th 


23-8 


9th 


-39-9 


August 


-13-4 


16th 


18-9 


4th 


-43 1 


September 


-11-9 


7th 


11-6 


30th 


-36 1 


October . 


- 1-8 


16th 


19-6 


2nd 


-36-5 


November 


+ 17-8 


28th 


45-7 


Ist 


- 4-0 


December . 


81-8 


26th 


42*2 


nth 


+ 20-4 


1900. 












January . 


880 


28rd 


48*9 


10th 


22-5 



Mean temperature for the year=:7'**06. 
Y 
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AuguBt was the coldest month, the mean temperature being — 1 3^**4. 

The extreme minimum temperature occurred on August 4 at 9 pjn. dur- 
ing perfectly calm and clear weather. 

Table III. shows the fall of temperature during the afternoon of that day 
with the accompanying barometric pressure : — 





Table III. 




Time. 


Tempemture. 


Barometer (oor.) 




o 


ins. 


1 p.m. 


-86-0 


29-292 


3 .. 


-40-0 


29-312 


6 „ 


-41-5 


29*824 


7 M 


-42-0 


29-844 


9 „ 


-48 1 


29-865 



At these temperatures the mercury froze in the ordinary thermometera, and 
spirit ones had to be used. The al)ove temperatures are means derived firom 
three thermometers. At these low temperatures there was a slight diversity in 
the indications of the respective thennometers, even after applying the correc- 
tions as given upon the Kew Certificates. The maximum temperature observed 
at Cape Adare, 48*-9, occurred during a very heavy storm from the East-south- 
east on January 23, 1900 ; but this is quite exceptional. The mean monthly 
temperature is above freezing-point during only one month of the year, viz. 
January. 

The relatively high mean temperature for July is due to the number of 
gales from East-south-cast and South-east diuing that month, temperature 
invariably rising with these winds. The extreme range of temperature was 
92**, and the mean temperature for the year +7" 06, which, compared with the 
mean annual temperature for the same northern latitude, is extremely low. 
The mean temj^erature for Kipland, in 71" N., is about 32', and the mean 
temperature for the north of Spitzbergeii, which extends as far north as 82* N., 
is about 1 0". 

The temperature of the sea during the greater part of the year, that is, 
while the surface of the sea was frozen over, remained constant at 27*-8. In 
the summer months, December, Januaiy, and February, it rarely rose above 32'. 

During the winter months, or at least during the 71 days that the sun 
remained constantly below the horizon, the diurnal variations of the ther- 
mometer and barometer were scarcely perceptible, being almost, if not quite, 
concealed by the oscillations due to the passage of storms. 

The intensity of solar radiation was measured with the black bulb ther- 
mometer in vacuo. This instrument was freely exposed to the sun by fixing it 
horizontally above the ground at the same height as the thermometer screen, 
viz. 4 ft. 6 ins. A temperature above 80** was frequently recorded by this 
thermometer, whilst the temperature in the shade remained below freezing- 
point. These high readings were probably due to the hygrometric conditions 
of the atmosphere ; the air, on account of the intense cold, being extremely dry. 

Table IV. gives some of the highest readings with the solar radiation ther- 
mometer and the temperature of air in the shade observed at the same time : — 



Date. 

March 8 
,. 6 
„ 14 . 
„ 16 . 
., 26 . 

Relative humidity between 40 and 50. 



Table IV. 








Solar 


Temperature 
in Shade. 


Thermometer. 




88' 


24" 




92 


22-4 




88-3 


20-9 




92-2 


24-6 




104-2 


8-0 
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The most remarkable feature in the meteorological conditions of the Ant- 
arctic is the wind. The prevailing East-south-east and South-east winds at 
Cape Adare, which is within the area of abnormally low pressure, tend to 
prove the existence of a great anticyclone stretching over the polar area, which 
in its turn necessarily implies the existence of upper currents from the North- 
ward, blowing towards and in upon the polar regions, to make good the drain 
caused by the surface out-blowing South-easterly winds. The frequency and 
force of these gales, and the persistency with which they blew — always from 
the same direction, East-south-east — the invariably high rise in temperature, 
and the sudden fall and rise of the barometer, the dryness of the winds — 
the relative humidity, generally between 40 and 50 per cent — and the motion 
of the upper clouds from the north-west, point to the fact that the south pole 
is covered by what may be regarded practically as a great permanent anti- 
cyclone, more extensive in the winter months tlian in the summer. Nothing 
more appalling than these frightful winds, accompanied by tons of drift-snow 
from the mountains above, can be imagined. On 92 days, or 26 per cent of the 
time spent at Cape Adare, the wind blew from the East-south-east and South- 
east, with a velocity above 40 miles an hour, and on one or two occasions 
above 90 miles an hour, at which stage our Robinson anemometers were 
demolished. A proper table of wind directions, velocities, and thermal wind- 
roees is not available, but the following tables will suffice to convey some idea 
of the conditions : — 



Tablk V. — Number of Days in each month when Velocity of the Wind loas 
above 40 miles an hour. 



1899. 






No. of days. 


1809. 


No. of days. 


February 




5 


September . 


6 


March 






11 


October 


7 


^f: 






8 


November . 


5 






7 


December . 


9 


June . 






7 






July . 






12 


1900. 




August 






6 


January 


9 




Table VI.- 


^Conditions dun 


\ng a storm <m April 2, 1899. 






Time. 


Barometer Te 


mperature Direction 
of Air. of Wind. 


Velocity 
of Wind. 




(corrected). 






ins. 


e 


Miles per hour. 


April 


1, 9 p.m. 


29-699 


12-2 W. 


3-7 




2, 9 a.m. 


29-199 


17 Whirlwinds 






M 11 » 


29 064 


22-6 E.3.E. 


82 




„ 1p.m. 


28-919 


24-0 


83 




,. 8\. 


28-916 


26-9 


102 (?) 




„ 5 „ 


28-880 


24-8 


88 




M 7 „ 


28-880 


26-3 


90 




,. 9 ,. 


28-917 


27-9 


82-5 




8, 9 a 


m. 


29-208 


19-5 S. 


40-6 



The maximum temperature during the gale was 31** -6. During a gale of 
March 19 a Robinson anemometer was demolished, the velocity of the wind 
exceeding 90 miles an hour ; and another was destroyed on the night of May 
18, when it was impossible to estimate the velocity of the wind. The anemo- 
meters used were tested at the Kew Observatory prior to the departure of the 
expedition from England, and were found to give results within 97 per cent of 
the Kew instruments. It is evident, however, that the action of wear and tear 
on the instrument by these gales must have a very material influence on its 
indications. 

The barograph and thermograph curves during a storm from the East-south- 
east on May 4, 1899, show very clearly that the temperature commences to rise 
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before the barometer commences to fall ; indeed, it was often poeuble to predict 
an approaching gale by the thermometer alone, long before the barometer 
showed any sign of the disturbance. 

The mean barometric pressure for the winter months is much lower than 
the mean for the summer, but the means have not yet been determined. The 
highest barometric pressure occurred on July 22, 1899, when the barometer 
registered 30182 ins., and the lowest 27*860 in& on September 9, 1899. 

On the journey from Cape Adare southwards, some remarkably low tem- 
peratures were observed for the time of the year. Thus, off Mount Erebus on 
February 11, 1900, the temperature sunk to -6** with a wind from the South 
straight off the great ice barrier. Again, on February 19, the miniinum 
temperature was - 12**, with clear sky and light wind from the South. It is 
possible to form an idea from these temperatures what one would be likely to 
encounter in the way of cold on a sledge journey -southwards from the edge of 
the great ice barrier in the middle of the Antarctic summer. 

The Qeographical Distribution of Belative Iliunidity. — At the Meeting 
of the British Association at Bradford in September, Mr. R G. Bavenstein read 
a paper on this subject He stated that the importance of relative hiuuidity as 
a climatic factor was fiilly recognised. Having illustrated its influence upon 
organic life, upon agriculture and human industries, he expressed his regret 
that neither in number nor in trustworthiness did humidity observations meet 
the requirements of a person desirous of illustrating its distribution over the 
globe by means of a map. This was owing largely to defects in the instruments 
employed, incompetence of the observers, and unsuitability of the hours choeen 
for the observations. As to the humidity over the ocean, we were still dependent 
upon the observations made on board passing vessels, and he was afr^aid the time 
had not yet come when floating meteorological observatories would be stationed 
permanently throughout a whole year at a few well-chosen localities in mid- 
ocean. Notwithstanding this paucity of available material he had ventured, in 
1894, to publish in Philip's Systmnatic Atlas a small chart of the world, showing 
the distribution of humidity. The subject had not been lost sight of by him 
since then, and he now placed the results before the meeting. He did so with 
some diffidence, and over-cautious meteorologists might condemn his action, but 
they must remember that when Berghaus, in -1838, acting upon suggestions made 
by Zimmermann and Humboldt, published the first isothermal chart, the observa- 
tions on temperature were even less numerous than those on humidity were at 
present His charts, of course, must be looked upon as sketches, but he felt 
confident that they brought out the broad features of the subject, and, to reduce 
the sources of error, he had limited himself to indicating four grades of mean 
annual humidity, the upper limits of which were respectively 50 per cent (very 
dry), 65 per cent, 80 per cent, and 100 per cent (very damp). The relative 
. humidity over the oceans might exceed 80 per cent, but in certain regions 
(*< horse latitudes ") it was certainly much less, and in a portion of the SouUiem 
Pacific it seemed not to exceed 65 per cent, a feature seemingly confirmed by 
the salinity of that portion of the ocean, which exceeded 3*6 per cent 

His second chart exhibited the annual range of humidity, viz. the difference 
between the driest and the dampest months of the year. In Britain, as in many 
other parts of the world, where the moderating influence of the ocean was 
allowed free scope, this difference did not exceed 16 per cent, but in the interior 
of the continents it occasionally exceeded 45 per cent, spring or summer being 
exceedingly dry, whilst the winter was excessively damp, as at Yarkand, where 
a humidity of 30 per cent in May contrasted strikingly with a humidity of 84 
per cent in December. 

This great range directed attention to the influence of temperature (and of 
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altitude) upon the amount of relative liumidity, for during temperate weather 
we were able to bear a' great humidity with equanimity, whilst the same degree 
of humidity, accompanied by great heat, such as is occasionally experienced during 
the " heat terms " of New York, and recently visited London, may prove disastrous 
to men and beasts. Hence, combining humidity and temperature, the author 
suggested mapping out the earth according to sixteen hygrothermal types, as 
follows : — 

1. Hot (temperature 73** and over) and very damp (humidity 81 per cent 
or more) — Batavia, Camaroons, Mombasa. 

2. Hot and moderately damp (60-80 per cent) — Havana, Calcutta. 

3. Hot and dry (51-65 per cent) — Bagdad, Lahore, Khartum. 

4. Hot and very dry (50 per cent or less) — Disa, Wadi Haifa, Kuka. 

5. Warm (temperature 5 8**- 7 2"*) and very damp — Walvisch Bay, Arica. 

6. Warm and moderately damp. — Lisbon, Rome, Damascus, Tokio, New 
Orleans. 

7. Warm and dry. — Cairo, Algiers, Kimberley. 

8. Warm and very dry. — Mexico, Teheran. 

9. Cool (temperature 33°-57**) and very damp. — Greenwich, Cochabambo. 

10. Cool and moderately damp. — ^Vienna, Melbourne, Toronto, Chicago. 

11. Cool and dry. — Tadikent, Simla, Cheyenne. 

12. Cool and very dry. — Yarkand, Denver. 

13. Cold (temperature 32** or less) and very damp. — Ben Nevis, Sagastyr, 
Ckxlthaab. 

14. Cold and moderately damp. — Tomsk, Pike's Peak, Polaris House. 

15. Cold and dry. — 

16. Cold and very dry. — Pamir. 

The actual mean temperature of the earth amounted, according to his 
computation, to 57"*, and this isotherm, which separated types 8 and 9, also 
divided De CandoUe's Mikrothermes from the plants requiring a greater amount 
of warmth. 

The author further illustrated this paper by a number of diagrams giving 
the curves of the temperature, rainfall, and humidity, as also by a chart of the 
world exhibiting the number of rainy days. 

Rainfall of the Oentral Rhine Provinces. — The latest addition to the 
FoTBchungen zur deutschen Landes- und Volkskunde is a paper by Dr. P. Polls, 
director of the meteorological station at Aix-la-Chapelle, on the rainfetll of the 
Central Rhine provinces and the surrounding regions. The period covered by 
the material used is only the one decade 1886 to 1895, but the discussion has the 
merit, all too rare in such investigations, of attempting to estimate the probable 
errors of the results : the mean uncertainty in differentiating one station with 
another is found to amount to about 5 per cent. A very clear set of maps shows 
the distribution of rainfall in the four seasons, and the percentage of the total 
annual fall received during each. The special points of local importance are 
pointed out, but some conclusions of general interest, based on the examination 
of this particular area, are suggestive when compared with the rainfall types 
recognisable in the British Isles. The rainfall is in the first instance determined 
by the distribution* of pressure, condensation occurring in the ascending currents 
associated with low barometric pressure ; and along with this the temperature 
and humidity, largely depending on the position with regard to sea and land, 
must be taken into account Given the general conditions controlled by these 
factors, the local inequalities are primarily regulated by the surface relief of the 
region. Mountains cause a general increase of rainfall on their weather side 
and diminution on their lee side ; an increase of winter and autumn rainfall, 
and a diminution of summer rainfEdL A maximum in October is due to the 
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greater humidity of the atmosphere, and the larger numbers of cyclones, during 
that month. The increase of rainfall with height is closely connected with 
open position of mountains concerned ; sheltered elevations of equal height 
diminish the rainfall A mountain range diminishes the annual range of 
temperature on its weather side, and increases it on its lee side ; hence on the 
former the winter rainfall, on the latter the summer rainfall, is increased. We 
may compare this with the west coast, and the midland and eastern counties, of 
England. The alteration of weather and lee sides due to the seasonal changes 
in the direction of prevailing winds tends to increase the winter rainMl on 
south-west exposures, and the summer rainfall on north-east exposures. Spring 
rainfaU is increased on eastern slopes by the prevailing Easterly winds. The 
long period records of Aix show that snow falls most frequently in March, 
January coming second, and February third ; but for the 1889-95 period 
January and February are the months of most frequent snow. The number of 
days of snowfall increases rapidly with increase of height Old snow may give 
as much as 35 mm. of water per centimetre of depth, equivalent to nearly one- 
third. — Geographical Journal^ June 1900. 

The Olimate of the Valley of the Jonz (Jura).— The Scottish Geographical 
Magazine for November 1900 contains an interesting article on the valley of 
the Joux, from which the following notes on the climate have been taken : — 

The valley of the Jura is situated on the west-south-west comer of Switzer- 
land. It extends between lat 46' 33' and 46" 31' N., and long. 3" 47' and 4** 0' E. 
As compared with the Alps, the air of the Jura at a corresponding altitude 
may be generally pronounced as colder and as less dry and constant It is 
invigorating, brisk, and stimulating, it does not agree with over - delicate 
persons, but it greatly benefits consumptives. The extreme range of temperature 
is 120*", the maximum going up to 80", while the minimum falls as low as - 40". 
The cold season is the most agreeable and most healthy. The winter is mostly 
dry and sunny ; the snow which is generally abundant clears the air, and covers 
fields and forests from the beginning of December to the end of March. While 
the plain to the north of Geneva Lake is lost in fog, rising up to 2600 and 
2900 feet, the valley is all splendour and sunshine. The nights are cold, but 
as soon as the sun appears on the horizon the air is softened and the 
temperature, even in January, rises to 37" and sometimes 41". The effect of 
the sun increases with altitude. In sunny days the thermometer in Sentier 
and Chez-le-Maitre registers a minimum of 10"'5, and even lower, while that in 
Risoux, 1280 feet higher, indicates at the same time a minimum of 23" only. 
This season is very healthy, few cases of sickness occurring. The extreme cold 
attains - 26" and exceptionally - 40", and is attained by the North-east wind 
("la bise'^, which lowers the temperature. The mean winter temperature is 21 "'5. 

The spring is less healthy and agreeable. Thawing snows chill the air, and 
the return of warmth is checked by hail showers and sleet There is a great 
range of temperature, the minimum falling as low as 12" and even 5", while 
the maximum rises to 62" in April, 66"*6 in May, and 73" in June. The mean 
spring temperature is 37". The summer weather is very variable. The 
maximum temperature rises to 79"'7 and 80"*6 in July and August respectively; 
these high temperatures are invariably followed by cool nights. Dew is 
abundant, and the grass remains always green. The mean summer temperature 
is 53"-2. 

The autumn is sometimes rainy, but mostly dry, warm, and fine. The air 
is brisk and fresh in the morning, but towards mid-day the sun becomes genial, 
although there is a great difference between the sunny and shady sides of the 
valley. The nights are frosty. The mean autumn temperature is 41 "'2. The 
mean annual temperature 38 "'2. 
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From the region of the Lake of Geneva north-westwards towards Jura the 
rainfall steadily increases with altitude from 36'37 ins. annually on the Lake of 
Geneva, up to 57 ins. on the Lake of Joux, and continues to increase with 
altitude in the mountain chains surrounding this lake. While the mean 
annual rainfall in Sentier is about 58 ins., it is 77 and 84 in& respectively in 
the Post des Mines and Ch&let Capt, situated on the crest of Risoux, some 1600 
feet higher. Considerable variations are recorded in the amount of rain from 
year to year, and from month to month, in diflPerent years in the same place. 
This amount varies in the first case from 1 to 1*5 in&, and in the second from 
1 to 20 ins. The average number of rainy days is 165. March, May, July, 
August, and October have the greatest rainfall, while January, February, and 
September have the least. The mean for the greater part of the country is 
about 65 ins., and for the region of Risoux about 79*25 ins. The rain is dis- 
tributed according to the seasons, thus : winter 17 per cent, spring 27 per cent, 
summer 30 per cent, autumn 26 per cent. A considerable part of the rainfall 
is in the form of snow. It may snow in every month of the year, although 
in the summer months, of course, it occurs very rarely. February, March, 
April, and December are the real snow montha The mean annual depth of 
snowfall is about 18^ feet on the Risoux, and a little more than half, viz. 9*3 
feet, in the valley proper. The mean number of days of snow is 68 in the 
mountains and 50 in the vallejrs. Wind : — Two principal winds predominate 
" la bise," or North wind, which blows from North-west, North, and North-east, 
and is generally dry and cold ; and "le vent" which blows from South-west, 
South, and South-east, and is generally damp and warm. There are in the 
mean about 123 days in the year with the former and 196 with the latter, 46 
days remaining comparatively calm. Hurricanes come from the South-west, 
and on this side houses are specially protected by bardeaux (tiles of wood). 
These Southern winds predominate in May, August, and December. Besides 
the predominating " la bise " and " le vent " there blow occasionally some local 
winds, such as North-west (" Joran "), bringing cold and snow, and West-south- 
west (" Moussillon *^, bringing storm and shower, and so on. 
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Journal and Proceedings of the Royal Society of New South Wales for 1899. 
Vol. XXXIIL 8vo. 1899. 

Contains the following papers bearing on meteorology : — '* Suggestions for 
depicting diagrammatically the character of Season as regards Rainfall, and 
especially that of Droughts," by H. Deane (6 pp.). — "Observations on the 
determination of Drought- intensity," by Q. H. Knibbs (17 pp.). — "Current 
Papers, No. 4," by H. C. Russell (9 pp.). — "On a remarkable increase of 
temperature after dark at Seven Oaks, Macleay River," by H. C. Kiddle 
(3 pp.). During a moderate heat wave on November 25-27, the maximum 
thermometer recorded 90"* to 91°'8 at about 10 a.m. ; then a sea breeze came 
in, and by mid-day the temperature fell to what it had been at 7.30 a.m., and 
continued to fall under the same influence till at 7 p.m. it stood at 75''. On the 
27th, shortly after 7 p.m., a thunderstorm which had been working up from the 
west for half an hour reached Seven Oaks, but instead of the usually cool breeze 
which a thunderstorm brings there was a blast as from a furnace. In a few 
minutes the temperature rose from 75^ to 86°, and during the blast reached 95" '5, 
or 3^**7 higher than it had been at the hottest part of the day. The phenomenon 
is the more remarkable when it is remembered that it occurred after dark. This 
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hot wind came from the West-north-west, and reached a force from "fresh" to 
** strong." Seven Oaks is situated on the Macleay River, approximatelj in lat 
31° 2' S., long. 161° 3' E., and is about seven miles in a direct line from the 
coast. — " Records of Rock Temperatures at Sydney Harbour Colliery Birthday 
Shaft, Balmain, Sydney," by J. L. C. Rae, E. F. Pittman, and Prof. T. W. E. 
David (17 pp.). The deep sinking now being carried on at the Sydney Harbour 
Colliery, Balmain, with which one of the authors is actively associated, affords 
a very favourable opportunity of noting the nature and temperatures of the 
various rocks underlying the neighbourhood of Sydney, and this the authors 
are utilising. The paper deals with the temperatures noted to a depth of 1460 
feet, which was the depth reached in the shaft at the middle of November. 
The thermometers used were speciaUy supplied by Prof. Everett, F.R.S., 
Secretary of the British Association Committee on the subject of Underground 
Temperatures. The sinking of the Birthday Shaft had reached a depth of 
600 feet before the thermometers were available, but since then observations 
have been made at intervals of practically 60 feet, and an opportunity will 
be got of recording temperatures at less depth than 600 feet when the sinking 
of the Jubilee Shaft is gone on with. From 600 feet down to 1100 feet two 
slow -action thermometers were used, and the horizontal holes which were 
drilled into the walls of the shaft for their reception were put in a distance 
of 3 feet down to 960 feet, and 4 feet from that to the 1100 feet level. 
Beginning at the 1150 feet level, two maximum thermometers were used in 
addition to the slow-action instruments, and the practice has been to place one 
instrument of each type in each of the holes, which have been put in to a 
distance of 6 feet. The plugging in each case consisted of about 6 inches 
of greasy cotton waste placed next to the thermometers, the remainder of the 
hole being filled up with plastic clay rammed into the hole. Every precaution 
was taken to ensure accuracy of result& If the mean annual temperature of 
Sydney be taken as 63°, the rate of increase is shown, by the observations made, 
to be at the rate of 1° for every 90^ feet, which is fairly low, and may be taken 
as a favourable indication for the future ventilation of the mine. A remark- 
able increase of temperature was noted as the sinking passed from the Hawkes- 
bury Sandstones into the Narrabeen Beds, the upper section of which consists of 
chocolate shales. These shales, which outcrop on the sea coast at Narrabeen, 
some 8 miles to the north of Manly, were struck in the shaft at a depth of 
1024 feet 9 inches, or at practically the same depth from the surface as in the 
Cremome Bore, the exact difference being 69 feet 7^ inches measured from 
mean low-tide level in Sydney Harbour, the shaft being the deeper of the two. 
This is a very slight difference in 3^ mUes, which is the distance from the shaft 
to the bore. 

Meteorologische ZeitschrifL Redigert von Dr. J. Hann and Dr. G. 
EteLLMANN. July — September 1900. 4to. 

The principal articles are : — * Klimatische Verliiiltnisse des Memel-, Pregel-, 
und Weichsel-Gebietes," von V. Kremser (48 pp.). No detailed account of 
the climate of Eastern Prussia has hitherto appeared. Some fifty years ago 
Dove published a summary in tables with hardly any text The present is 
much more detailed, the first instalment appears in the July number, the 
second in that for August Tlie first is almost entirely taken up with the 
rain and snow statistics, and the second with temperature. It is, however, 
only an abridgment of the original publication, several tables and illustrated maps 
being omitted. The separate branches of the subject are treated in detail, and it 
would not be possible to condense the results for a notice like the present The 
entire paper gives an interesting picture of the effect of proximity to the sea 
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on one side and the OarpatliianB on the other, the intervening extensive area 
being nearly flat — ** Elektrizerung durch Eisreibung," von H. Ebert und 6. 
Hoffmann (9 pp.). This is an account of a series of experiments carried out at 
the Laboratory of the Technical High School in Munich, inter alia, to test the 
several applications of Faraday's statements as to the production of electricity 
by steam impinging on solid bodies. This was fully confirmed, and then the 
authors proceeded to experiment with liquefied air, and they found that if any 
body was plunged into the air it was negatively electrified by friction against 
the fragments of ice contained in the air. Accordingly, they say that almost 
any body touching very dry ice at a temperature like that of liquid air will be 
natively electrified. — " Ueber den Einfluss des Waldes auf die Lufttemperatur 
nach den in Eberswalde an verschieden aufgestellten Thermometem gemachten 
Beobachtungen," von Prof Dr. Mtittrich (17 pp.). The interest in this paper 
consists in the comparison of what is termed the English screen (presumably 
the modified Stevenson approved by the Royal Meteorological Society), with the 
Forest screen, a zinc screen, and finally with the aspirated thermometer. The 
comparison is carried out in great detail, and Dr. Mtittrich concludes the paper 
by saying that the differences between the temperatures taken outside and inside 
the forest is greatest with the zinc screen ; then follow in order the Forest 
screen, the English screen, and the aspirated thermometer. He announces 
that more elaborate comparisons between the English screen and the aspirated 
thermometer are in progress. — " Ueber Abhangigkeit des Fruhlingseintritts von 
der geographischen Breite in Deutschland," von Prof Dr. Ihne (3 pp.). This 
paper is of special interest for the Phenological Observers. The plants on 
which the observations were made were all trees, or shrubs, 7 for early 
spring, and 6 for full spring. — " Untersuchungen uber das Wetterschiessen," 
von J. M. Pemter und W. Trabert (30 pp.). This is an account of a very 
careful series of experiments on the possibility of averting damage from haU 
by means of firing at the clouds. The apparatus was very elaborate, and it 
was satisfactorily proved that the smoke rings were propelled to a height of 
800 metres (say 2600 feet), while, according to most careful observations, the 
clouds in a thunderstorm never exceed that level. The conclusion arrived at 
is, that inasmuch as damage by hail occurred while the firing was in progress, 
it cannot be maintained that the firing is prophylactic 

Monthly Weather Review, Prof. Cleveland Abbe, Editor. Prepared 
under the direction of Willis L. Moore, Chief U.S. Weather 
Bureau. February — August 1900. 4to. 

Among the articles and reports in this publication are the following : — 
"Anemometer tests," by Prof C. F. Marvin (6 pp.). — "Kite observations at 
Bayonne, NJ." (1 p.).— "Loss of life by lightning," by A. J. Henry (1 p.).— 
" A partial explanation of some of the principal ocean tides," by R A Harris 
(5 pp.). — « Special report on the floods in the Colorado Valley, Texas, April 7 to 
17, 1900, and other floods during the same period," by L M. Cline (4 pp.). — 
"Special report on the floods in the Brazos River Valley, Taxas, April 27 to 
May 17, 1900; also freshets in other streams," by L M. Cline (3 pp.). — 
"Droughts, famines, and forecasts in India," by R D. Archibald (3 pp.). — 
"Prevention of hail by cannonading" (1 p.). — "Fog studies on Mount 
Tamalpais," by A Q. M'Adie (3 pp.).— " CUmatology of St Kitts, West 
Indies," by W. S. Alexander (3 pp.).— "The hot weather of August 1900," 
by A J. Henry (3 pp.). 
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RainfaU of India, 1898. Published by the various Provincial Grovem- 
ments, and issued under the Authority of the Government of 
India by the Meteorological Department, Calcutta. 1899. Folio. 

This volume, which is the eighth, contains the monthly statements of rain- 
fall published by the various Local Gk)vemment8, and gives practically the 
whole of the rainfall data available for the Indian Empire for the year 1898. 
Symons's rain gauges were used at the majority of the stations, the only 
important exception being in Mysore, where gauges of local construction were 
used. The whole of the available rain&ll data of the Indian Empire has 1)een 
recently collected and tabulated in the Meteorological Office at Calcutta, and 
the average monthly rainfall and number of rainy days in each month were 
calculated from this tabulated information for all stations, for which at least 
five years' rainfall statistics were available. In the majority of cases the rain- 
fall data extends back to 20 or 30 yeara The averages thus obtained have been 
utilised for the comparison of normal with actual data. 

Si/fnons*s Monthly Meteorological Magazine, Edited by H. SoWERBY 
Wallis. July — September 1900. 8vo. 

The princij^al articles are : — " Indian Famine-causing Droughts and their 
Prevision," by E. D. Archibald (5 pp.). This is the concluding part of an 
article, the first part of which appeanBd in the June number. The author 
summarises his facts as follows : — (1) Extensive droughts occur in the dry area 
of Southern India, embracing in particular Northern Mysore, South Deccan, 
South-west Hyderabad, but occasionally reaching Guzerat and parts of the 
Bombay and Madras Presidencies at intervals of 9 to 12 years, and usually, but 
not regularly, about a year before the sunspot minimiun. When the conditions 
are sufficiently acute, famine occurs in the ensuing year. (2) A severe drought 
in the Peninsula of Southern India is followed by a severe drought and 
ensuing famine in Northern India in about 6 cases out of 7. (3) Summer 
droughts tend to occur in Northern India alone, in years of maximum simspot, 
connected in some way with the abnormal high pressure over Western Asia, 
which prevails at such epochs. — "Meteorological Extremes. III. Wind Force" 
(2 pp.).— "Thunderstorms of June 11th and 13th 1900" (2 pp.).— " The Visita- 
tion of the Royal Observatory" (3 pp.). — "July 1900" (12 pp.). The month 
of July yielded so many exceptional phenomena that the Editor inserts this 
article, in which reference is made to its great heat, its thunder, and hailstorms 
of exceptional severity, and the Cloud-burst on Rombald's Moor. — "August 
1900" (3 pp.). The month of August was, speaking of the United Eongdom 
generally, decidedly wet, with a considerable number of rainy days in addition 
to the heavy thunderstorm rains which usually make up the laiger part of the 
total in a wet August — "Mean Temperature Southern Counties 17-18 years, 
January 1883 — August 1900" (2 pp.) — "Studies of Cyclonic and Anticyclonic 
Phenomena with Kites " (2 pp.). This is the first part of an article based on a 
memoir by Mr. H. H. Clayton, issued by the Blue Hill Meteorological 
Observatory. 
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